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ABSTRACT

ABSTRACT

After China launched a new round of air pollution control, mobile source preven-
tion and control became a key initiative. In terms of total motor vehicle emissions, au-
tomobiles contribute 98% of nitrogen oxides (NO,.) emissions, with heavy-duty diesel
trucks contributing 70.75% to automobile NO, emissions. Because heavy-duty diesel
trucks have complex operating conditions and other characteristics, their emission ac-
counting has the difficulties of missing data and insufficient model accuracy. There-
fore, it is necessary not only to break through the limitations of traditional accounting
methods but also to integrate data from multiple sources to construct an accurate NO,
emission inventory of heavy-duty diesel trucks, to grasp their emission characteristics,
and to achieve accurate prevention and control of pollution.

This study aims to effectively address the difficulties of accurate NO, emission
accounting and high-resolution emission inventory construction for heavy-duty diesel
trucks. The main difficulties include: firstly, the need to obtain accurate NO,, emission
factors to construct a macro-scale emission inventory, and secondly, the need to obtain
transient emission data from the vehicle to build a micro-micro high-resolution emission
inventory. Currently, the NO, emission factors of heavy-duty diesel trucks are mostly
based on bench tests or portable emission measurement system (PEMS). The bench
test is detached from the actual road conditions, and the PEMS data collection volume
is small, both of which have lag and uncertainty. In addition, the traditional emission
model relies on historical data and ignores the near-real-time transient emissions of
vehicles. To solve the above problems, this study collects real operating data based on
the on-board diagnostic (OBD) system, and completes the following main work:

(1) The NO,, emission factors of heavy-duty diesel trucks on real roads were ob-
tained. Because of the current lack of emission factors of heavy-duty diesel trucks in
National VI stage, this study uses the spatiotemporal dataset integrating vehicle operat-
ing conditions and road characteristics to obtain the NO,. emission factors of National
VI heavy-duty diesel trucks, fills in the gaps of the NO, National VI emission factors
under the real environment, and analyses the influence of the road type on the emission
factors. During the construction of the spatiotemporal dataset, the missing OBD data
are repaired by linear interpolation, multilayer perceptron, and random forest to achieve
phased interpolation. Based on the spatiotemporal dataset, the baseline emission factor

of NO, for National VI heavy-duty diesel trucks was obtained to be 1.64 g/km. In ad-
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ABSTRACT

dition, the emission factor of expressway (1.82 g/km) was higher than that of the main
road (1.28 g/km) and the sub-branch road (1.24 g/km) by 29.7%-31.9%, which reveals
the key influence of the structure of the road network on the emission.

(2) A transient emission prediction model for heavy-duty diesel truck NO, was
constructed. Aiming at the problem that traditional models ignore near-real-time tran-
sient emissions, this study proposes a NO, transient emission prediction model inte-
grating light gradient boosting machine (LightGBM) and eXtreme gradient boosting
(XGBoost) based on spatiotemporal data for building a high-resolution NO, emission
inventory. By combining the high efficiency of LightGBM and the overfitting resis-
tance of XGBoost through stacked generalisation, the relationship between NO, tran-
sient emissions and eight other vehicle characteristics in the spatiotemporal dataset is
deeply explored, and the SLXGB-NO,, emission model is established to achieve accu-
rate prediction of NO, emissions. Compared with other methods, the model demon-
strated better efficiency and prediction accuracy performance. The model was used to
construct an hourly NO, emission inventory of heavy-duty diesel trucks in Chengdu city
for 1kmx1km, and the NO, emissions showed a ‘bimodal’ distribution in time (79.9%

during daytime) and formed a ring-shaped aggregation zone along the city expressway.

KEY WORDS: Spatiotemporal big data, Heavy-duty trucks, Emission modeling

III



v



Sk
I R - PN 1
L1 BB o T e 1
1.2 AN FEIIIR o 2
12,1 G 2
122 T OBD HHEMIHEAT T o 4
13 HE R H B G 2 e 6
1.4 ASCHLZIGER 7
FE2EF FHEIEIBERE cooeeeiiieeiec e e e e e e e araaa 9
2.1 R R 9
2.1 BRI 9
2,12 ZEEIINL 9
22 FEF BB AR R A T e 10
221 BEM LR 10
2.2.2 RS B T By 11
223 BEBREERTIHL IR 13
224 HEBIZAL 14
23 BRI G P B 15
230 K-S KR o 15
232 BB URFETE B oo 16
233 SHAPH oo 16
234 MR R (o 17
2.3.5 B TR R 17
24 AR NG L 18
FIE ETHTHBAIES NO, HIBETF oo, 19
3.1 OBD HUERE G TR 19
301 OBD BB R oo 19
302 BUBTIAEEE 19
313 BYBEBERIEAN ..o 22
3.2 B 28
321 ZEHHELINER VSP L. 28
3.2.2  VSP IR o 29



33 BB BRI 30
330 ZEAIERETEDL oo 30
332 TEEE I 31
333 BT RER O 32
334 ERIBAT TN oo 33

3.4 NO, HEBE T oo 35
340 NOLHEAUR oo 36
342 FEPE-NO, HEBIE T oo 37
343 BEALEMIEZENO, HEBA T oo 39

35 AR NG 41

F4E ETHBZURINO, BESHBTUNE i, 42

41 BHEESAITE DT 42

4.2 T XGBoost A NO, FFBRT ... 43

43 FETHSZ AR SLXGB-NO, HFBSFMIIEAL 44
431 BEEIEENTIBIR 44
432 B T L 46
433 B 47

4.4 JRETH A HER NO, HEBUIE B ..o 50
441 B/PNBTERRIZATS NO, HEBEHE ... 51
442 NO, PIRSALHEBUB R ..o 52

A5 R BN 54

S E BEEERIEE oo eeear e e e e saaaaaas 56
5.0 AR A G 56
52 R B 57

vl U UNt 59

2§ RN 65

FEIEHABI BB HIRI IR oot e e e 66

VI



SR eSS

K 1.1
K 1.2

2.1
K 2.2
K23
K 2.4

Kl 3.1
Kl 3.2
K 3.3
Kl 3.4
Kl 3.5
K 3.6
Kl 3.7
Kl 3.8
K 3.9
K 3.10
K 3.11
K 3.12
K 3.13
K 3.14
K 3.15
K 3.16
K 3.17
K 3.18
K 3.19
] 3.20

K 4.1
Kl 4.2
K 4.3
K 4.4

mEAnpRE

L S Vs YR B 2
AR TEIZE oo 7
R IINL R IB 10
B AR AR R R B 11
B AE R RIET EE 14
Stacking 5N B B Lo 15
OBD Bl RAELLIREEF o 20
OBD BB LM R 20
OBD Ha 0308 G BEAEE o 22
BB B 22
CRMEFRMEIAR K-S KT oo 23
K-S I IEANE B2 24
Pearson FHIC R T oo 25
Spearman FIC R B T .o 25
MLP-RF A R BRI FE 26
MLP-RF B AEAE B AT oo 27
MLP-RF BEH BT ... 28
TS R B LR B 32
AT RERI AR 33
Motorway FAFEIEEIX ] R VSP Bin 20 woovviiiieiieieieee 34
Primary F4F @ X AN VSP Bin 7340 .ovviieieeeee 35
Secondary 45 L IX ] T VSP Bin 20 oovvveiieiie e 35
NO, HEBE FIREGEFE oo 36
VSP XA ) NO, HEBEE AT ..o 37
NO, HERIEFHIZEE .o 39
NO, ZEAHEE F oo 40
Pearson ll Spearman FHICRE ... 42
FERENO, HEBAEAL LI o 43
SLXGB-NO, HERIIART L. 44
SLXGB-NO, HEBIERAFAE SHAP H ..o 47

VII



SR eSS

Kl 4.5
Kl 4.6
K 4.7
K 4.8
Kl 4.9
K 4.10
K 4.11

# 1.1

%31
*3.2
#33
*34
*35
#3.6
* 3.7
#*3.8

%41
*42
# 43
* 44
%45

SLXGB-NO, HEBRER LR e 48
R R T Ll 50
BB TTB /N AR GE T 51
PSR T E Y B9 T 20 /NI NO, HFCRE o 52
BT BB 53
BRI ()9 B (b)14 BF ELARER 340 oo 54
FER T (2)9 I (b)14 B NO, HFBE AT oo 54
B G R I B 4
OBD BB T BT L 21
A R BTt 22
RE BHUE oo 27
MLP ZEUHUAE ..o 27
B A R bl L 28
VSP AR BREEIUE .o 29
FARLRZAE VSP XTAIRIIN o 30
B T 32
R B B A 44
LightGBM BB HUETER ... 45
XGBooSt BBV oo 46
FERTIRLE 46
B e Ll 49

VIII



F1E Zi

EB1IE iR

Ll HRERSEX

W& 25T 0 R e, Mhinisfnme K SURIE I, ARG B AR vis i )
FE s, HORAEAR ETr. i E RS 57 AR S AT R Ik DA i X I sl 1
HRAIS A BRI ahis JenIds s RABESIE A RATH (h EH 50
VEIAER R FRAEAR. (2023 4E) )TWT 40, 2022 4F, A EHLEHEEAMLY (Nitrogen
Oxides, NO,) flFiE Ny 526.7 Jilli, R4 NO, FG HET 90%. #4218
HARI 2288 SRR ARG, 2022 4F B B S8 0 R HEUIE VR 2 i HE U 1
AT, Her BRI B 4 1) NO, HFBCE R ZEHEBUS B 70.75%. 1R
Il Brsee i FOAUAG R A () (62 BUR PEVT A 25 )2 el Jan, S R B
BRSO 1 2RB0EY) O N80 . (AR FERMRN 2 — I NO,, =&—
PSR B RS RN, 2 WPIRGEEAN N AR 5 Al I8 2 i@ A A BV E RN o 12U
ENE B LN AR =i 2N b o/ 1R R 5220 ) P N R R S E o T E 72
i b Bz A AT, S BRI S TR RORE SN, e ] e R 1 R R G
PR R AE RGBT e, BN IR AR N KRS R R BRI —,
HHB A =k NO, AMY SR 28 Ui Bead i 1 AR ORI AT SE e, B S A A fi
G R E K SE . Bt nasxd B ARS8 B A HSUn A RS, WAL R &,
BRI IAEE, IRIE AR @R G2

24 Fi ) 2 R S BT 4T Yl 1 B U E R R R E ) T NO, HETAZE i U T
XA EARIERE R NO, HEBE 5, oA HHEBCRAAE, DU 57 B 7 Syt B 4 A of
PERE I, SEBARBURR R, SEOHRBUE . A FRE T RS HE A HEBIH FAK R
TSR] B A, e S U RURE R HETRGS B R EE DA R HE I 1 e A
Bty o OV i 2 % 2 1 HE TS B B A S T 5 AR 2 T ) L SIS AT B SR U
WraSHE I, SRECHERR T NO, HFBUA7~, PALAI AR HER) NO, HERUR L5k
W 2 HE A 2 S B AR SEI B2 4 NO, HFBEE ] R LAl 5 1% 0 o

DA T 3R BCHEBOA 5 R e S 22 ok B TG HEI AR, Inskis = &6
ZRSLES | v RGN (% CHEO & R4t (Ponable Emission MeaSurement System,
PEMS) 557515, fAE8daE/D . BBk, SEIpiAs . A F B A S BR Al
Tt 55 NO,, HEBCEHE B A% G HFBOR LR 25 R84 il SE B S HE I, 3807
V20 L BURF AT A b ot 5 R Sy B ZEHERBh A M vEIR PP AL A SR A 2K . I AR
K, FBMEARRRIERE. £ i2B 5% (On-Board Diagnostics, OBD) 5
B LA KB 5B 7S BB 2505 e HE bR v CRATR TRR [ 75O 1 e 2 70 2 i B
OBD Hffa b A%z A 28 3 B4 IR 55 4 BROP™ 4 265K, A5 RS SR S8 2 42 S b AT

1



ERE A

Bl AR T S ORI RE . XAV RS T s BRSO, bR s 1A Y
TR AN FL L

HABEM BT AR N E B AR, FLRBN TR SR 5 XIS AT BONINE, BT %
AR IR — FER RS, RTINS A S e B ie AT
RAS, JETH NO, HEBOE ez . [Rlitk, DL OBD 4 Jy2Eaili, fbi& 4240 e 7
G RS2 AR, WENTHIEE, LA FEENE S IBITRE SRR R
XFNO,, FFHI M, L SRR N I NO, HEs R 7 FUAS i 19 NO,, HFiUsi A,
NEEINE R FEHEHERA NO, HEsE s, Lm0 Hi K NO, HEBUH &, 14
RO I B R il o X [ IS 0 40 B B R S0 B 42 NO,, BIFEIURAAE, 1 EAT HEUR
DA RBUR IR 1T B B2 .

B 1.1 ERSGHRET R HEE &

1.2 ERIMARIR

PLah F-HE RO AL I8 1 45 5 2 R H R R R, SeBlR ILah 4= HE A 11
WA, Jpit— D 5 M EHR L &, @ X HE R, DU R R HE s
e, SEBU ML EHE ORI 0 M, 9 HEICHI SR LS RF o 3K B HEBOM 5C 1T
TR Z 7 0 AR, DLEHMT B A M BRI IR — T sein 6 e
MR sk #E PEMS HUE ML iU Y, — =T OBD £ iAH S HE U 7t -

12,1 5 HmiRE

WA HE RO RS B8 FE G R B =, H AT ECBCR LA )z A8 B R
BRI ZR LU FR o BT IO 45 @ S R HF S 2 32 220 9 20 5
MR Horr, MRS DL A% O &I RS A5 4,
FE 30 /1 36 E A - 97 (Environmental Protection Agency, EPA) H & N8I 4
Hi fl %5 (Motor Vehicle Emission Simulator, MOBILE), A& f Emisia A )

2



B1E 4R

SR, KEZE RSP ORMERI IR S KON E B 1) 18 2 52 il
HEBOHE AR (Computer Programme to Calculate Emissions from Road Transport,
COPERT) %5, X Fiis R0 E4s (1) EE R BUIK, 05 2 MR BE N8 B4 S
A — @B TOUR RS R HERORE Y 32 EARTFEAL 3h 20 A AT B 1k £ s 14
o, W IETE DL LT % (Vehicle Specific Power, VSP) 1E AT 4. H
EPA J1-4% MOBILE 13 3|(¥) MOVES #5284, [H 5 i 22l 2% R 2 202U R 1 1 By
WL ZEHEEE RS (International Vehicle Emissions model, IVE) , H1Z /MR [E Z¢
PETF R G-V 351 2 5 NI FE 240 1 B s Al R F - (Handbook of
Emission Factors for Road Transport, HBEFA), DK FE:T KNP A EHESE IS
BASHEBUERE (Comprehensive Modal Emissions Modeling, CMEM) 2t [5-8]

FE UL AR AL At b, B P AN S R & R A R T T AH SC I AE T
5o BRIE QA HEAT TV 2 HERUB R A H Ak (A S0 78 T4, {75 i <5 1 Ll HBEFA
RN FARAESE, IS R A ML BN R M A SEBRIEAT TSR RHRE
PEEE R HRE, a8 F RN B EOR I 1 5d B A6 5 S @R AR R il = SRR
A, JETERL T B R E AR IEIRAS . O RIS 37K DY 4 B2 1 A H
WA AN 7R B, B %5 DO 3T IR I Sl B HE S8, % MOVES #
RIS B RS2 DL R SO 2 B AT A A AR HE, x0T Le st 1
A AL T FE MOVES #5855 45 R 5 R S HEBUA 7 AR iR 22, 45 R R W
MOVES IR Ge 54 25 S WHRYINLS) ZEHEBURAE, 9 XK 5 YeBria $ 41t
TR EE AL TR A A T 3 i 1 e 5 0 K 3of oA T TVE A58 i 5 5 471
O 13 LU D 28 B Rk X 18] K1) 29 7 V50 HESU R Al L g2, R BT 3 LL )
FRIRAE—E AR AR NO, 5 LD BAH oo b B3 00 T 51 B 30
%, Hoo# E R HER R 1 5 SeiE B8R, R UIRAGIX TR X 73 Be A She =
IVE B HLEh 2 HERCS SR ERf . RIS D2 EF K = I RN LB 4295
eV sn B, £ COPERT-IV BB [ 1999-2017 SEHIHFBUE ., RS0
BT 710 Bl G B S 0 AR R R TR, RV AR £ 5 — A ik, JF
Rtk 8k, Bke. —S A B MR, ERRENEZENE NO, .
AHURL) . TR NSO P A — A B 3 R, BV ARG S A B R Al
R AT, AL TR DU A ORI & 30 T FE R e e e, K = M #ENLs)
TG YR AR ML T EBE C . Gao Z5UBLK IVE B 514 /R i - K 38R Kl
MIE B LB EHE O B ARG R S5 &, X EWHEU B SR AE AT b, RISE
HE AR NO, AR i) 3= 2R IR .

[l A1 VR 22 B 78 N B3t ) HRF OB B 52 i 1 VF 2 A O TAE, 40 Nagpure
AU ENRE A AL T . SRS E S5 TVE B8, FEENRE = AN iR
3T R U 1RO AR RO TR R A ) SRR AR NO . — bk K

3



ERE N

PEA AR s, 45 R — Sk 5 3 R A LY R HR R A
R IE . Wallace 22151 ] MOVES 5 MOBILE6.2 B AL, 45 Fim 7
ZERRAE ARSI ] B — E AL S NO, IBE/RHEA L, &5 SRRl &5 FE x0T
L33 MOVES FEZL ) 45 S B3 e PR . Ritner 25 USUR] A MOVES B8, 151
AN FAT B 00T B 28R 7, FFH T CAL3QHC A2, #5817 11 2240
T AR HE R - B, 45 SRR B s : MOVES B I N KRR & 1 1
D TR P

TX G HE OB R B AR AE 75 W0 R RE HE TS0 B i g b R AR, (H H RO BRVRAR
WERS Lo, HAEBIREIRE. SRS B DL A A 51+ BT R 55 7 T A7
FE— € HIBR A, M DA HE S se B B b KBS i 3

R 1.1 EBGHBER R

1.2.2 EF OBD #iIERIHEAA =

N T BEREE RRBUSAS, 7 REE AR IGE L, SR TH B i Rk, 240
AR R4 (OBD) IRV HSHa AT Bl oy — K%, OBD i
e AN T2 WA s vt AL R 4, HaT A S T OBD-IIT B
B b, £ OBD-I BBl iZicss MAMIER BV R 6] R 50, AREXT 2240
BRI . OBD-II Bir BEBARZHT AL a AL, 2T s a4z
HERCEIN, ERAE B R AT AR R, 5 EAMERCR AT DL B
B FBGEN T TR, Tk B OBD-IIT e B 1 Ml ZE5 AT 4247
FERIEZ PR, 1% AR R ECR R GG E RIS TR BRI B HET]
WizfEin T &, L afiieirids, JcdE . iR assE, 1T EmHice
B TARENT201, OBD R SEAERS@ IR MM WIS ZEHERE I . HEBOE # g
S SR N .



ERE N

WA OBD ¥ 46 M SLHR 4RI 8 T K& 78 T4 . [E 4, Zhang 25 21 F
FZ45 K SHLI OBD SR HEBUL A I, AF R FH T [ 2 200 S il ZE HETi
W 228 5 COBMD &4¢, FFilid PEMS X 8 ##i%é 5 OBM [1) 25 21U 48 i 4= 34t
ATIEFEIR, KB OBM Ml PEMS 45 SRAE ZHUB LN — Bk lr . Jiang 251221 5
T OBD R GuAes St s 240 R AN JE Ab BE RGUIRAS . BB R AT R 52 8
SHR R ThRE, B SERR IR A Z BT, UERA 1T OBD [I4EME1E Ik
/b NO, AR HE O T B A 238 20, DSt 4 T 1 28 28 S8 2 A o Fn 4
Pt R AL TR A S S . Wang 2523 B 1ok 428 R 150 42 1 38 T B HE T
M LR AL ) 1], I PEMS VRS BB FIHEIL, &5 G HLaE = 118, FIH OBD
HC T SRR, TR R AR OB, SR BRRRCHE SO SER A, FE Bl e
RS BS S2 B . Hao 25 P4 7 o [ 5 78 25 7 A 25 000k T R o 3 E AL 3R 09K
e AT SR A DU SHATLHE RO SR L ) 5048, 6 25T OBD il 11 5. 1 4245 NO,,
TARARBRHERGEAT T I0E, S5 REW, T OBD R IFE K NO, 1A ALK
HERCS HEB A A S5 R — 2, UEB] T OBD R A SO E i . Ly
26 12511 Fi B 22 1 AT (%) OBD ¥ 21155 7 S AU A2 (ki s, (Bt e 2 1L i
B AT B0 ) EE B 259 7 ZE 1) OBD 4 HEAT R S VPl R I 24% (R IL L
PSR R AR 20%, HRH 0.4% B4 L 1Hz LM RIHEEKR, et T
OBD #4275 i LRI Jfd 8 7] 7

[€ 4}, Fernandes 252144 PEMS. OBD DA% & 7 34 45 &, K B VY 495 72 4l
(S BRHERCE KBBR8 T B AT R e sz, R S i 2
AT S A B ST HE AN AR 2R, R BT P T OU %A R T TN S i A A Ak
HERUK TR B RIFR L. Rimpas 252714 OBD-IT B3R EL 49011138 1T 5%
W, WM APIRES, (BB hFE, it Szt &k BLE M4 NS ik 535 50
Rosero Z:281@ 1 4% PEMS 5 OBD ¥¥ls RER GRS S, K15 THRERD
MUBE, 28 T RBIWILRCR-HE B, A I S Pl R SR I SE 2% N 1Y
PERE, FFAIEE TR SIHLR MR HE GRS AL . Paviovic 25291 i@ it X b5k
=L T PEMS 5 OBD ##s, J0UERKEVEH T OBD A AR &, KIL
OBD 4t ¥ #E I B 40040 7T DA 2 R BRRE B 20k, (HRE A2 0/ st B AT 72
AP K. Rivera-Campoverde 25 BRI ] OBD SK4E 2 Fiuid % - iz 17
Bl THEETS ReBEn HEBCR, JRE A Savitzky-Golay “FIE HIEH R 5
fH, Z54 PEMS £, FIHMLES 2= 5L, SEL T X Se bR 345 1F 15 e HE
(R HERf Al AN AT

OBD 15 %% 185 3 2 2% Sy LA 4R S R AL S ) S, PRARG T 2508 RAE A, A
1S AT O SR IR I T g . (H T IEIR . 55 i 22 %5 R
[Kl, OBD ##s 8 1ot & Mk LAORIIE, 72 B ARAEH A A 8wk, B2 HAh

5



F1E Zi

HHasesia, DU A el 2 HE .

1.3 #HxEBENSARE

AH I G L IS RS OBD 4 A BRI B, 45 A HLas 5 ) Bk, s
B0 PR AR S BN B A, SRS R LA S O S 5 4 NO,
FEC 2, R AR S O 42 B SR EE T HER I NO,, FIFI R 1, BLACEE Tt
TR NO, B ASHH A AL, TR ol = 7 2 NO, HEBUE i g
So IXPPIE T T ST R SR EE) NO, HERCE - DAt s A, SEA 1 T
Grit Bl S s ST A FE GRS B R PR AN AR, DUSE IndERR ) NO, HE
JRCEE B B SEBRHRECIRIL , NSRBI  HE S AU B R NGE TR &
R S8 03 4275 Gepiia BUR G IR AR Bl S8, B iRl KSR va R0 4.
FIIS, 8 T BahiETs G oz S 570k, NI SEAH S e 25 S8 L S B
DRl 2R B A HEOGRBOT T SR AUE Bk 5 256 . ARSI BARR 7 an &1 .27 o

(1) A3CiEd &% T OBD W& SKRIU ZEAis AT B FIE BRA5 B, gt
TRAEE, AN GH R E R AR E D RBUAE AR, IR
T b SR EE R S T R SR R 2R ME NO, HEUA 5 DA T 5 2R 8 22 AL )
NO, AT, $#&5 NO, HES A 7 H et S Eai i, Sxbh 1 7S B R S T 4=
NO, HH R FHZE H. Hrh, B SHEENEEFEZEW & OBD #i¥E. TR
PLIE RS BEAR RIS RG . B, Sa8MiEE. 2 Z2RAPL (Multilayer
Perceptron, MLP) FIFHLARMBE % (Random Forest, RF), $&H — /- BUEE
FEWE, RFIRIL fE ) OBD s e A7 AN, FE IR B R an B A AR A BR il B, $2 i
OBD #(# (1) e B 5T HME. B35, A MOVES BAY ) VSP iF 87, KX
A IR AN VSP TalEds, LT VSP AT TSR . &a, FIHA
FRAT X R dE 5 (Database of Global Administrative Areas, GADM) 1 [E 44 2%
AT UL SR AT O 55 R (OpenStreetMap, OSM) &ML, 455 iz
1T E AL FEUAE, SREZEMNIE BREEE B oL B8RS, RIS 3
TO-EBR ARG N DR . BT U BERAE, TH BRI S B T E N E
YL B2 2 1 NO, HEAUA 78 1.64g/km, FF&5 &8RS BRI . &=
T8 RSB SR EHBUA 7o XEE R, PR ESHEBA 7 (1.82g/km) B
T (1.28g/km) HIRIHE (1.24g/km) B 29.7%-31.9%, RIL T8RS EH
NO,, HFZE 7% .

(2) ARES LR BRI THIE L (Light Gradient Boosting Machine,
LightGBM) il uiiff FE $2 575 (eXtreme Gradient Boosting, XGBoost), & T
THEARLE, @O T EASEMIR RN NO, BESHIRIMA AL, Rk 115 S



ERE N

RTCIESRI RS HW R IR, SRECE RS HEN NO, HERCE s, JF2% i T E A4
TR AR MR NO, HEBUE BT . 3T S 3R 4, BB R B SHAP
{H (SHapley Additive exPlanations) 73T 502 i 1E 5 NO, HF IR &R, @i
FROEH R, RIS NO, WS HFBUR AR\ ZERRIE . 25 8 21 2 4E I 2 4y
TERAAAEIE X AR A B B SR 2 PR A e, A SCZRE FIH LightGBM 1E KA
FEHRE 4 B 3ok B XGBoost [ L1/L2 1ENALL Mt L4, il id HE
Sz (Stacking) HEATEERL, AME | HMSM T4 NO, B AR
A, HJ SLXGB-NO, HEBUBERY o Z AR AR T Rt AL, 76 Full e it 32 7 1 49
13%. 734k, GEIEZAR AL ST 1 AT T B A S B R = A HE R NO,, HEIUE
SR T HNO, HOAE RS 2 BRI ATREAE, BRI 4R I ) “XE AR,
H B oI 2 = IE 79.9%, 7 [H] FAES EE K, BIM R, S5CA0
FoH AR T NO, FFBURFAE LA A AL, B8 E T HFRGE B AT S8 1

12 AXFEMRAE

1.4 ARIBELALEH

AR SCAR ] LA BT B A BN IX IR T ST T R A

BE iR, METEGNH VA E SRS R ESHE Sk
JERE RIS T OBD $tfs IO HEBT sL M AN Jr i, JFRE 1 B N A S BRI 4 5
o, FR T T 2 AR AT HS UK 8%, BRI T A T
HEMAZ, LRSI %,

o E HERHENE AL . i E B VA 1 BRI



F1E HR
T T SEBUEE AT NO,, HERU Y [ 52 4 TR 46 Al =) 592 A S LA 7 VR
JRHE S, &ENHTHTEERR SN ENEERESHEAR, NiE
SRR S AR AR . AL E RS 1R NO,, HEBUB R R A AU PN SR L8
FLhl

W= BT AR B S NO, HEH 7. ZE T E X OBD £t AT
KRG, HAEFREM BIR T —F o W BB R 7, X AR — e &gk
(B 1 P R PESG R, XF SCR R ZEM NO, A% B3 4 B A 2 2 A L5 BEAL
PRMELE R AR AR . Hok, T OBD ¥, #IFH MOVES ##[) VSP 15
ik, SR L EdE. 2R)5, 454 GADM F1 OSM ¥R 3R EUE M, #R4E GPS
AR R, SRR R RS R . I A S 5 VIN (SRS, 5
BERhAr, SRS B T -8 AR RS A O 2 B A, TR T SRR AL
P NO, HE - LA B A [FE 26 T 25 G HESUE 7.

FVE BTS2 AN NO, BRASHEBIN 7% . 25T 5 = A
ARG T RN R R AR, e R AR SR RE AT, RIS NO, BRI HEBOR 5%
IS5, HIK, 3T XGBoost Hik, #% NO, JERIHFBURAY, J+4E& B SHAP 54>
Fro 8 EZ M, i AR RRHE AL, RIS NO,, B HE s A AE 2 1)
FFE. 2 )5, FIFHESZ (b B LightGBM Al XGBoost Hi%, 14 SLXGB-NO,
A HERCHE R ol 5 A SRR L, SLXGB-NO,, A5 41 75 T3 v fff 14
i) R AR IE A . n, A SLXGB-NO, BEASHETRIMBRL, 454 i
HTT A LE T8 o R IR T & 1 OBD %d,  SREUSHN T AL G 08 22 1 s o
HEE NO, HEBOHH, 3B IREGZ T E AL 58 B2 22 (1 NO, HERE R 2= F (1) 73 A
fiE,

BT G SREE, EENARPI AN EE TAERT T a8, s TH
HAEE AR AL, FHPeH T AR Lt — PR R 558 3% 17




H2E AREIR A

F2F HEXEILEM

FEAFE AT, R B 2 B AR AT NO . HE UL 1o 72 o B F 5 1 R i A g
AR BT . E RIS BT 2 R BRI A A RIR R . HGR
XTBENLARAR . Wdm AR BE SR T Fe B U L BT LA S HE B3 A I e B T4 (1) R Al
B LA S TR UHE . 534k, el T TR S R, AR
W a0 AT 75— B K-S ARG, I S HOE EE RS TR ML B 5 SHAP
i, VLKA R 5L R? A7 AR 25 RMSE X B ANEA P AR (015 R B, Dy )i 48
O AT B BRI HE A

2.1 [EVIEEEM
2.1.1 1&EY3

FEARGLEAE A, RPAL R A7 e B 2 LIRS, S AUl 5 %2 T30
TR, 2R T . IR BB B ot SR BT ST
L2 1WA, Gl 2R S s A B 28 o 2 FEAREE T B B A F, B
HAF LA I AR NG Y, SRTHBARRR M, T M TR ET A S
s . EZEIAN HAR RN D, B SH 22 BT T
A BUN, BRI EAE G A BORN, SR SHRARR, R id A .

n
1
3O =~ X 0= 0Tx)* + Aloll;. 1)
i=1

2.12 ZERREFM

Z EAHL (Multilayer Perceptron, MLP)BU & —Ffi i i N T p 2%, H
BTt RIBIE B X K 22 o5 B ACBEALH] 074 . MLP 8 B 48 TG ) 2 4
S5 SN, WEEBIRRES BAirgs R BB ¢ R . FEf iR dEL
PERLARE ST, MLP FEEUE P . AR ) S e T R L 95, et amad A
WA S5 E 28, WIEZIEHE PR S R B R, NSk ) R AR i
)73 5 T SCHE

MLP Il H—MaANZE . — DB 2 EEE D — Mt E R, (5 R
WA ) NN = 25 H 2638, S B2 00 R . AN EARBEEIEEANT)
Re, B BORFEA LA ARHIE I B AN . E RIS A OB, (2 18
HRE wO, WE b NG ST R, HAE TR (W ReLU.
Sigmoid) Xf L AR 45 AT AR A s, REUEZMFHE. fES 2, RIEE

9



H2E AREIR A

FFHRA (rIRERInHD WEMA TR . A ONRIEES, St = e e oo B
EEELAE; AN RAESS, M B o Bk o AR O R Ao BN A
TCREHNRE S, ZINBGRAN S B oR B e AR s 25 HE

Lo s, O AR 1 EREOEE, WO WS 1R R R R,
b R 1A mEBINE, MLP WEFRER AR 2.2)FR. HARE AR
T MLP M JZE 2t 2 I SRS i, AL 7 Mgiin 2 2 R4 A i
LR BN A TR . B I S AR g St O R 6D, MLP BB 65 e/ ME
TE 5 HSHERIR T, RTINS B Ha i AR e A

1O = o(WORID 4 p0), (22)

B21 ZEBAHSHE

22 ETHRERERRABETE
2.2.1 PFEHARHEE

BEHLARM L (Random Forest, RF P23 J&—Fh Sk e s i (1 B i 2 > 3%,
ML K5 ARG AL B RE Fy . HAZ LA T A 22 BRI L 1l “ AR
PR, R BRER D SER ) TN 285 SR AR 52 (0 2RAE55) BB RNA (RS 2
TR it B BTN S AL, SCBUR s RS HE o A Ak, RERR PR SRRS L
YR HBEHLZE R FEAS, ML L PRI L& MRS . AR T AL Sl 1 ik, 125
IEREA ROl PR M R 2R AR R &, SRR R BRI S AL RE ST, AR TN
LR AL S o

FERE AT, RENLARMAT R OCBE  BEA LD BRAREL 1 HLBEHLYE: — 2R
A TR BEALIARE R SRBONGRAEA, (i BEAR DS I T AN A FEAR SR I SR, 5
RIZFEPE; AL RN i 0, ARG & 2 Rk b 3R e 0 207
2 BE— DR S0 2 T 22 e o XA XCE R I Ty SR BE AL 1552

10



H2E AREIR A
PRR SR LE DI ZRa 12 v T RO B R AE R B X, i 2 iod B Rl SR g ik 2D A5 23
JiZE, FEARIEILE XRG  BENLARAR S 1 i R SRR A 2.2 s

B22 FENSRMREIETRER

222 tRinkhERARZE

Wi o6 E $R T35 (eXtreme Gradient Boosting, XGBoost) Hi Chen %5341
2016 FeH, X TERERALHM (Gradient Boosting Decision Tree, GBDT)
MEZL I ARA SREAR Y, HAZ O AR @ i AR H I R 2 AN 55 5 2] 28 (B A2 ULk
WD, BB DR TN R 2 . ERRIGEAT, 2% R ) R B OR A S
Hri R R, IRl IR ER Can PRI R EE 6 i 15 s A 4T L
AIL2 IR SRIEHIBEA R 8, A 24P 1hid 5

R T %41 GBDT, XGBoost 4% /0 BGEAAIAE =N T7 1 : — & ETTHHR
SRR, M RITZRE AR, BRSO 0 R R BOEAT Il R AR
RIin N IEMME S8, SRIEHIAR AL S 28, SO o) @ ) = A =08 SCRF
B TAFELEE ) AT Ie 5, SRTHERIIZRa % .

XGBoost FIHE AR & = MZ LB B :

(1) WM RAZLERZZEIRAM G, #idE5 (Gain) R
PR 2. LA (2.3)89 Gain BRECHHEN, 1R 20200 f5 92 2% pR B 22
18, Jfdnd R A ZE e URFE RIS o RIS, AP IR E, il
PRI KR (max_depth) IX—Z%, XA RKIRERHITLAR. — BERIPFE

11



H2E AREIR A
FERBITBAE, (AR, DI EHR B L .

GMn——l G% Gi - (G +Gp)’ _
2 |H, +4 Hr+i H,+Hg+i| U

(2.3)

H, Gp/Gr~ Hp/Hpg 737175 rER A Z B S EC M, A A IERIEZ
¥, MTHERIBEREIRE, v NaRERE.

(2) HARRERAL: X B H A ek B0 I 7l A 45 2% 2R B 1 AL 3R SRR
W, AR A R (2.4). WAXMBKE, Horb i) B Ze 8 s 75 ek 124
AR FRNE 5 A 2 (R ) 22 A 00, S X B 2 A AL, AR e 88 AN KT i
VT ELSEEE R S5 R IR AL U] 2 T XA R a5 g AT 2001, B7 1R ASE Y LR B 4

I

=1 o
n T
. 1 1
Obj® = 21 [gift(xi) + Ehiftz(x,-)] +rT + 5}” 21 wjz" (24)
i= J=
WA LA E LIS,
) A(t—1 o
Vi 2 - (2.5)
hy = — 5= 1037, R E,
ay; )?
Horb, ¢ RO HANARIRE I, o AR, T AWM 73 iR . w; NS

AHTFHIBEM, 7. A RIENLRS. g RFXT 30 S BUREE 1y, 57 )
K=K SEAFH— B EAEE, ARBIL T 403 2% R EUEE 9 A AL AR A 3, R 91 A
ﬁ%ﬁﬁ;mﬁ%%?oﬁ“ﬁNﬁ%@ﬁumﬁHBX:M%ﬁ%ﬁ%:Mﬁ
B, ERB TR RECR R G R, 3R B A R SRR

(3) Ak B ZEEPPAl « RFAE B 224 32 Z0@E 1 AU 25 (Gain). 78 75 % (Cover).
B (Frequency) — N7 Il RE . HoH, Gain 72 F 1AL 8 b5, AREURFELE BT A 4
(TS5 25 TRk, Cover JIIZRIL 1R AERE FH N /0 2445 IR AZE 55 %8, Frequency
TR R A S 39 A FH BRI AR RS IR o T IR = AR B 25 A VAl RS 4T 1
FRREANFFAEAEA A ) B M, DR AR e A B AL R (AR B

XGBoost L HAE T H H 0 B BUIRS FE AN 2 & 1, RS fE B0 dE 2
PEERAE S I BB 05, I HCRIHAT R A A XISk, RS s Rk 21
KBRS . BAEVF 2 ML 5% ) SE SR SLBR B R I =, U H R EA 1L
s AR

XGBoost WAFFE—LL /R M. He, BB ER, FE—EHLRM
B A R BRI S A . IR, XGBoost X 57 ¥ B FIRE 5 O BUR, K
I, AEHE A BR Y B R B AT S TR DA R A AL . HAE, XGBoost /R
SCRFIFAT TS, (BAEALBEA s 4R IS, ISR TR ATS AR AT BB

12



92 E AHRER AN
223 RERHERNNEE
BREHHERTIHIEE (Light Gradient Boosting Machine, Light GBM )P
N T RS 1 7 A OFATRR IR THHE SR, AR oL AR I AE v R R
JE . ARNAAHE AR EE T PERE . F AR B RE X A X (2.6)7 .

Obj® = D% 1y, 37" + [ixi) + RS, (2.6)
i=1

E¢,mmﬁ“+ﬁwm%ﬁ%@ﬁ,%?@%EiﬁnﬁﬁM—lﬁ%ﬁﬁ
MUY B RTEAR R R f,(x) Z MR, B4, ENTEN Q) =
Mwlly + Allwll,, i L1 5 L2 IR AR B0 %, B 1k 35 A 7
aPRSE o

FHELT XGBoost 5775, LightGBM 18 i e5UE FF A SR A 52 F0 o S8 04 44 2 ML
il SEIL T AEAS BRI 28 10 [F] I DR FE FR AR I 2050 3, HAZORFE TR
TEAREHEAR:

(1) BAILERERAESHYE (Gradient-based One-Side Sampling, GOSS) : GOSS
& — PR T 16 P e v h e 1 B DA T, AR DAL AE T S PR B RS 2 )|
2 AT B B ER S . AR T 515 Bt B IR AR O B, BR MR
R IIFE AR AL SR SRR A e A v ™= A B RIS B et i . PRk, GOSS kA HE
X HRAL PR SR = A DRARF R FEAE AR 5 BEVE 1 [RIINF S SRS 1kttt k2 xof /Nt 5 5040 1)
THR RV . XML R AN BEOR B 1 R8I E B, SO RPRAK 7R S 0%
[, JUHGE M TR IRy 5T BRI

(2) B A KEHEL (Histogram algorithm): {EREE I I, ZHIERFRA R
PR SRS O kAN, BRI N — AN RERUE . R kAR
BTl e PR K R, St EEE M ESUEE ARG, TEITET
RGO EHAT R M. fwhsR, B ENRETRRITE, EERFRES
BAL e ) A 3k g B AT R B e A0 0 1 A, TG P g SR A R AR AR

(3) A R BR I AR A TS 2 SRR FH XU R HI L], 75 R SR )
I R B A IR A RN e R R BT RUEAT YR, IF B B IR FE R A R 2
AR, Bribm a2 5]k B 05 ).

AT % GBDT i IR ZA KR0S, AT7 ks 3 o 5 ) 1779 s Ak
PLE], AT AR (PORE R, FRARR 22, RN 70 2408 2 AR A 15 s AN AT A
M, BGsERNIH, B RIPEERRE. i, GBDT B EEK SR
W& 5 LightGBM [ A= K SIS 43 7 W1 12,311 (a)~ (b) P, HAiE A K =X
LI I AEXRR 7 SCRFAE -

13



H2E AREIR A

(a) BEAK

(b) ALK
B 2.3 R4

224 HEEBZWK

HeE 24k (Stacking) J&—FPye2E 2] ik, @ RHAMELEM BT o, 28
—ERAGHZANAFR R N S48, IR LR 22 S 3R TR R, S
BENGE NG —N o8, LI THTHEGHEY B4R, S4 5w ImiiE
%o

YERN—FhEE R 21 7772, Stacking MRS HBCN AR . HAR SRR R0
FIA R P ARRE S, BT A 2 AN IR ) T 25 5, W54 Ak
TR [ TN RE HEPERNZ AL RE 7T [RIES BT 0T DAEE AN R R B A, Stacking 7]
DR R 35 3 A [ 248 28 ) 4 AR i) 75

Stacking 7-7E FOIBRE A H T 75 AR O G 2 AN AT, P T- LB (4 1
IZRTCHERY , DRI 5 22 58 22 (R SR YRR IS [, RIS 3G 0 T AR S I B 2R B . R 4b,
IR A T B IR /N, B AR G I G, HIX R
A 2@ i AR B 4 oA, A T EUEAS Stacking AL 2 AL MERE T BE
Kl2.4f@ R~ T Stacking B 2244 (1) — Ak S5 i 7n = o

14



H2E AREIR A

K 2.4 Stacking ZHREE
23 BURKRIE SN TEER
2.3.1 K-S L%

K-St & —FhaE Sk 5 7%, LR EEE A CmEastE. 77
Z5E) MR, FEAMWMMN AR — AW —H AR S B AR —
ANCFIFER T, WER AN B804 R TR AR R SR
AAEFIR AT, AW ER R R EE.

XA MR R AR R S, LR BAEATHREHRA S, RS
R RTHIR, SKEFEARIA 5 R 115347 B2 (Empirical Cumulative Distribution
Function, ECDF ). [A] I, ARAE (B A AL 70 A, TH L EEIR B0 A7 pR 5 (Cumulative
Distribution Function, CDF). #8)5, HWE R 500 ECDF #1 CDF, 3REL 3
EEAER B KRME D, HXtE D 5 K-S fiIg A%, 7 D KTIRFE, NW4E
“de 7B, WAREARANIRME R B R /0As Rz, NWIARETE4L 5 Rk . D ETT
HARX (2.7), HAW) F,(x) RAETDAMRE, F(x) AEIL RS

D =max, | F,(x)— F(x)|. (2.7)

X T8 MO AR BRSSO SRR AT A, THE
% HE ECDF. )5, &IFMASIRIFHTE, 1HHE WA ECDF ZE, R
RKIZ40HE D, HilmFHEX e i+ p (AR, & D Bl HEH p
EHANTREMEAKY «, WHELL “PYHEARE A" KRR R, AREFEL.
B X = {x1, %, %, ) FIY = {1, 5, -, y,, ) NEAEAREGE, &AL
HHF, BEFTFTFI z) < 29 < o+ € 2y MR — 5L z; TR R EAR
ECDF, %A F,(z) f1 G, (z,), WD KARMWT:
D= max |F,(z)-G,(z)]. (2.8)

1<i<n+m

15



H2E AREIR A
E Rt oA B — R IA N A (2.9). Hd, n AHEARE, X, NH
MREARHIE, 1) MR8, W2 X, < x BISRFEC 1 k2, BLO.

Fi0 =+ 31X < %) (2.9)
i=1

232 BYA4FAEERE

1 AHRFIEVE % (Recursive Feature Elimination, RFE) /& —Ff 3L T4 RY frRFAE
BT, RZOAET IR IR RHE S Pk ik th S IR 748 . RFE i 25 QI 25
B, AR A St R B B4R AR, B R AR 4 IR BRI, TR
I B 2 RN IE A 5 .

RFE [RAAET: WS Z2MEERIEHG, A RSEEE 55
K RS RERTURAIME FERRE, PRACKRAE4ERE, A RO D& ), $EAy
ZAGRE T I i HOCHRARRAE, (USRI P ERATL A B S B . E LR PRAEAE T
REAE B VR VT AN B ARG T Y, HL R R B DUE AR AR AR, W HE

2.3.3 SHAP &

SHAP 1f (SHapley Additive exPlanations) s&— i H A 1E1# 2518 Shapley 18
PR AR AT R BOR, HoAZ O D REAE T VP Al B AN RR AR X 45 58 5 A Tl 45
HISZIARE RS o L X M AL AT 7%, BE T T i IR 2 e S 0 R v AN R AR AAE 1)
DURRFE 73 AT, AN T B I B A e ki 4 . SHAP B 19 4#%0 AR JE B Shapley
B A EC R, e mT it (Additivity)s SPFRTE (Symmetry) A1 STk
(Null Player) AP, fENLERS 15T, BN RRER LA EREZE ) “3o
K7, RPN 25 SR B A 0 A = (B U SR B Oy “ il s 7. SHAP H B THR A
AMRFEAE P v REAL G rh B BR Tk, A1 J3 B HOxT F30 45 5L (0 52

XA WL S SRR B AN RRAE § TN 45 5, SHAP {HIT RS F A
AIREMIRFE S, IRAE NS ARHEXZ S R vk 2 . AR R A KR
3 1S|! (1 — | S| = 1)!

n!

b = [ELf | X501 = x50l = B | Xs = x51], 2.10)

SCN\{i}
Hrb, N ZITAREREES (n = |N| NFRHESED, S 2 — MAERHIE § IRHIE
TEE, f MR IR, NN RHIE R &= X, B f(XO BN f- E[f | Xg = xg]
FORCHFHETF 5 S BUEN xg I, B HH ) 25 A JHEE . AL I L‘,S"“'
FoRTE A AT RERIRFE AU v, F48 S HMILERHIE | ZRTBIMEEE, FT 0%
ik i (IAFRITER ELf | Xy = xsu] — ELf | X5 = xg] BEATIMBCTH

16



H2E AREIR A

SHAP {EH 2 AR ML A N EUE R R s HOR A U 25 R A 52, L4
XHEBRR, RO RIS T 25 SR Ak 2% . 29 SHAP {9 IE(ER, B
RFALE XS TN 45 SR ) o R I 1 FY), AT DA (R A S0 B g R s Sz, DI 3
AR vTbkE T, R ARt . 35k, BT8P 1 5m
THRE SRR ERAR IO, fEmdEEeE EE R E AN, ik, SHAP 24t 7 £
ML SRS, AT REAE A (R PR o S5 L I8 I BELRAEAS [FRFAE 5Bk b
THRERTTRSE, EHT RIS 2 R s A

234 HEXERY

F% R % R? (Coefficient of determination) , WHR ARE R#¥L, T HiE—

TG W ARG L SIS, B0 SR s B A 7 R A0 DU () T SERRJE . 7E ]
53, B bR EAIAE A T HIMER S & 2 (Total Sum of Squares, TSS)
AT NP B R 4. — #4022 13- 77 1 (Explained Sum of Squares,
ESS) , W AR HE AL S KRR RE s 5 — NI ZEF T AT (Residual
Sum of Squares, RSS), RAE AR BER LB FIBEN R ZEH 7. BARTHHE AR
LI

ESS = XL, (9; - ),

RSS = ¥, v = 9% 2.11)

TSS = ESS + RSS,

Horp, 9, AR TN, y; ANIE, 3 2 WI{E A1 -

R R ENMAR Q12)F0R, SR IUETEEAN T 0 3 1 2 8. 4
R BB T 1B, RSB s a5 AR (B3 B S PR ey, Sk
EH AR ot Kt UL S D0 BE bk, BV TR S DR A0 A O R Ll sy s ez, 24
R LT 0 B, U0 BB B i & ROR B2, H BT R AR (1) [ A B AR
St LU BB AR B R . XA AL PPAL 7 OV L& HOR AR 25 5 1t 7 B A1)

AR -
_ESS _, _RSS

R2=222 222
TSS TSS

(2.12)
235 BIFRIRE

YRR Z (Root Mean Squared Error, RMSE) & fif & [A] A Y Fii{ 5 &
SEAH 2 [RRZE I — 0 FEbR . HitBE AKX N:

RMSE = J 1 Z(J’i - % (2.13)
i3

Horb, n REAKE, y 250 i DEARRIESE, §; 25 i DA R R T .

17



H2E AREIR A
RMSE {FE R 215 AR BMET T3 iR F S50 A 6 5 X 100 3R 22 1 1
JIACAL B, TR IR IR ZE T S R B . 248 AR I BUE N E
i S AR T AR 55 SR A B RE R . 2 RMISE (B AU/INIE, 2 AR R FEINY 45
R SERR LI 1 — BvERcs, PRI = IR L s ez, BOK RMSE fH
DU T R A R T 45 RS LS AF AR R W 22, TN P R A 3T

24 KRB

AR A T AR R 2 B D5 34T 1 PR R . e R T
A, rdd TH T DA AL S5 RWe (A DAL 2 R RN . Rk, N T
REBE 5 SEHUE 2 M B IR G 0 &, X LI EE T BENLARAR . BomBhEseTt. &
PR ESRTIHL LA S HE B2 A T53%,  FFREE AT IR LR SR AT 4.
S T T EEER Y UL S B TR R i, RIS R IR B . K-S AR
SHAP B RE KRB TTRIRZE o NG S — R 5 TAEST 4 Be Heat .
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83 & TR AL NO, HEMA 1

F3TF ETHZEHIEMES NO, HIMETF

A B AL T A S B AR B T -TE BR R AR A A BN S R AR, SRESEBR
B R NO, ENHEBE 7, i BRFAE S 22 05 1 D B HER i . W 7T
W RS W RGERE B AT HE, Sia i, 2 2 BAILEL RN
SR 5 BB AT B 1K 20 B BUAd #h ;s 5T MOVES B8 VSP i+ 757, ZREIE
SUEGE : HR4E GADM A1 OSM BEU SR IUH I b I, SRIBGE B A5 S . 8 P E 25
B E T A S B a4 . FERLIEA b, SR 7 S 80 R 42 SERR i g L p
#E NO, HFIA 7 AR A FITE SR 255 NO, HEBUA 1, S 7 HSEAEE R 1
NO, FENHEBA T HdR I,  EHXT PRI 1 38 B RS X RO 73 il ) 22 724 o

3.1 OBD #IEXRESAIE
3.1.1 OBD #iExR&

OBD ##fs R A2 B 3 B M KA I0. AL RS LS A7 i
TGo TELFBATIS, B REE 570 ] RIS R SN R T 24, BHEE
W RHIHURENR B REIPLFEESE, X TRC& T SCR A A B R S 449,
OBD 12> K4E SCR ARG M TARIRA, 4 SCR R AR E i NO,
WEESE, DASLHE DU SCR Ab3E R S RIS AT IR0 DA S AR B SHE, W IR e 2%
PG RRH NO, HES. 25, B 5o 8 fil i T4 A R 4
RIEBIC RSS2, BEATAEAG ST, THENLZ s P (8 n] i U ) B8 ik 55 2%
SRELZE I8 AT 59 -

OBD #i4fs A 5 2 i 1) 45 44 DA R B A fnd A s S 3.1, 320K B4
WHER AL, Y OBD Hd B 42 . RENNIEHE . SCR 14 A8 £4h |
L. R3NNER T ARk ) OBD HdE 8 (1 B A S 8 7 Br A FR UK
AL

3.1.2  HETRALIE

H1F OBD 1% RN (B /78, 2 2 BdRR G4 MR
— AT RS SRS . PRI, D T ORAIE OBD ¥l &, Xt FTaiiX
B, FFREAT WD B T i SR Ve AR o AR I 10X GO B AT
SCR R BAALHAE . FUEAE 12t LU ERJESERSEM T 4, MR A bt 4o
Tt P AR PO X OBD 04 (1) TRk LA S 22 YR I e Ab #5256, A e 8 7Y 46
BT 25 ¥y OBD i i e SR VR A W 3.3 s . HAA I EitiE i ik 5 T Pebr e
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B 3.1 OBD FHERELKIREH

& 3.2 OBD ¥E{EHTRE
E
(1) ZERRRENFAR: BB N3 SRR A S HRE RN = 7N SR
BAE 12t DB, Tl 7 SCR AL HS: B 1 B MR IR 4.
(2) B IAFER . MR OBD $Hi e RAEAFAE, SR Ri% 2 50t i 55 2
(RIRE A, X K0 rp SRR B i B - B S 1] 1) JE RO B AT 4 7
(3) Hdar X Eede: OBD %dls LA+ 5kl I AL i B BE iR 5 2 b, 7
BRI AT ARAD AR5 R RS B RS B Se B At SREEL S, — A
v/ I

n
Value = hex2dec(D,) x 280~ ) x Accuracy + Offset, (3.1)
]

i=1
Forfr, Value 9% 5 () FLSEBR R, D, ARGRER i 719 BTN EHIE, hex2dec(-) SE
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#3.1 OBD ¥UEEFBRUH

e FBA4 L
LS speed km/h
KAUEH atm kPa
RN A neot %
PEATHR eft %
RN H erotation pm
RN & efflow L/h
SCR L NO, &8s i scrnoxUP ppm
SCR "R i NO, f&1&#% 4 scrnoxDn ppm
SN 7 A% reactant %
SCR A & & scrTin °C
SCR tH M E scrTout °C
DPF £ % DPF kPa
ARV AL tankL %
HARE airin kg/h
RANHLVA R ecolT °C
RHHERE mile km
TEDIRAS locstatus
25 Ing °
HiE lat °

7Sk [ -k A e, n ARREE 5 I 5L Accuracy HGE, Offset
T wts & .

(4) Hils P EhriE: B EH0RE B A RN >200, HNREESEE >300s, 5K
BSHINTBUE (B3E NULL. OxFFFF £5) 5 <20%, SHE (RiEs8E
BROEJEHED i <20%, HARBESHINEI 1R,

(5) TEREE R HEAEARRE: RIEHEAMIEKT OBD Hdf (2K, I H A1)
TERAE A, A ROLFAMC R (NaND.,

(6) FHAERM: FHTHHHSHEHER, HF—SR A IQR FH AN 7
A 1 DU AT (Q1D FNEE 3 MU Ai%k (Q3), HEATHIE R TR, R
fEFR1C A NaN,

(7) BLEEAEIE: BT EWRISAT O BRI SE, NAGEEER. KA
B B RAZ I 5, 456 AR Bl A R 46 R AT 2 1k .

JRIEEIEE AL S 1300 57, B45 N2 (3.5t-12) « N3 (>12t) L fhka,
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& 3.3 OBD HuEMik 5iFERER
2 Z |2k SigviilE, &RAF[AT 973 WEBILEM T2 421 T | OBD #id
&, 20 EREBHRER 75%. FibEdEE EM S A, IR EMA R ENE
WA YE IR TR 7, FRET S 1 8] S W 'S, Lo TR A, Mk
BT R 24t 45 Rank3 20 7R .
*32 WHEEES

R (BAAL)  1(12-16t)  2(16-22t)  3(22-28t) 4(28-40t) 5(40t DA L) St

EAW B E () 3 203 352 411 4 973
L (17) 9,367 503,436 989,821 912,335 9,143 2,424,102

3.1.3  oHrEBIEEA

N T PR S SRS O o B O AERR I, 6 SR AR HOE A B T vl A
HERERRAR, HEAT — RYIAGEEAC T, SR, DI IR B SR i 5
TERNE . B S B BE B R o5 L34, (A IR AR X 712 AT S S
SCR &I IIH R 2. Hor, SCR Rl NO, W BEAR IR A5 4 B (sernoxUP/Dn)
BRRREE m T HANS L, REZARTRES IR PR IEIRESSE
TOLHIRE B RN o T Bn ok R TR SREZ R, SEti 7y B B A SR . — Xy
BRRH <2% HHA&G— @ EENENIS TS HET LM, xR Bz
HMEE LA SCR R GEH I NO, WK AL AR E G, A I RF AL SK B ) ) A5 i 4h
SR REAT AR

Bl 3.4 BRHMESRERLLE
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1. BEMSHEER

(1) HEANTVEGE R BRI UL 14 TUELETZH (SRR <2%), K
ENEATAE AT I ANSCR I L . T OBD #id B M MAZ =A%, H 64
WRRBIES (VIND 7 IR0t e ke, M ghor Hodhade .

(2) AR IGUETT i NSRRI 5, KR HERERENLE = 20%
CREAPL & S HE EFRD o i K-S R ieddikh ol I EE o A 252, TR R E &
B R? AL M 5 FL SR 2 ) (A S

(3) SEERES KM 12 14 DMELLIES B f, SR ERI Bk
b (EASEE b, RVERRMEN R? 397E 0.95 KU B A K-S % b, &MEisEE
e 5 R R oA — 50 B35, IREENE, EFEACR B, L EE R
I [A) 2 2% FEAN O(n), & R RUBEHHE B £b o

PRIk, EEFX AR ERHENLREHE, RAE L IERE 14 TS HtAT
FiAb, FORE T RS AT B R AT R E . AN 1 K-S R wn & 3.6
7INo

& 3.5 RMEREENNR K-S B

2. #F MLP-RF ] NO,_ t£R2$ B0 E

HF SCR L Fiif NO, feikas i EE kR m, HAALMEHRES B
A RAEMw, BAREAICREAE, 2T SCR RGN TEEB R &, &
P 5 HAMRFEOCES, N NO, A& R SHE MR AR 5 3 2 A 4l {E i

(1) Z YA

T, BTN E A S TR ZE NO, HERR = A A H 2 i PR R PR AN EI T
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(a) Z-ik (b) K BBl H
B 3.6 K-S KIS A 2440

MEHE R PRI 13 N FESH, WOFEEE, KR Kl s, K
BONUEESBHHAR S . {3 F DA [l VAR ARY O A -4 R 38 IR TE B 5% (RFED, 4%
BN NO, ARk HE M E M, NSHATHEA, SR T A ZE AR,
WIR T Freg I o

Frrp = {speed, neot, eft, efflow, DPF}. (3.2)

[FIS, T8 13 N EESHE NO, AL R B Y B2 /K3 (Pearson) A1l
JZ/K 2 (Spearman) FHIKFREL, I LLI T BRI A 7 45 Rk T B RN, T
KI3.7. 3.8/, fERMTEIT, B BRI AR5 R EE 2 8] AR OCAE FE 5 TEAH
K, RO IR R A R BE My, AH G REIIARHE R s[RI, AHR R %
ANT 0, RPIANRHEE A B ILAAAH G R R R RELEE T 50,
NO, &% H{E5 neot. efflow. airin B serTin HABCKHIAHR RZEL, $H
TAE—ERE LT AAFE L A O S B SR R

BT RFE ()fliih 88 4E — @M b aipm S8 m S8k 44, ik, #HPLE
ZYERE A RNE 73 BA e SCR R GE TARJRBRZR & 70 Hr, T Foyp, it
MNSHAERERRHE, H T @2 A EMETTE, A NO, AR EKER 1R R .

F..r = {speed, neot, eft, DPF, eftflow, airin, scrTin}. (3.3)

(2) MLP-RF #5284 B84 15 1t

HH T SCR #%: NO, &R a8 HAE 2 2 77 T R R P R0, 1KLL g2 [N 25 2 [A]
WEBNE RN E LR Fik, XEET#AHEILARK (RF) MRS B
AEZJZIEANL (MLP) WIEEMERIERE S, B T 50 NO,, A& ka8 4 th
FRORIEANRE AL, E3.9/@ 8 T MLP-RF A8 ] EE A et it 2 . EARZEM LTI
AT

B, T Z A TR 7 NS EAE R NRHE G N FFE4E
N R™TY, B FELAR MR ATRAAE B, BT 6 AN IR IE (X ected)
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& 3.7 Pearson IR HANE

Kl 3.8 Spearman < REI A E

TERBRA R NRFE, DLk — D B C AR S BB PERE I T30, Hik, BLiifE
Ja B HLAR AR RO ST 4%, AL D TN AE R pree Bo)m, AFXTREPLARAM
FERIRAPLRIE R R LR RERYE, A% MLP I TSR =147 57 2], il
EIERIRS ReLU Wi R AUV HER, BIE N BENLARM R B IR ER . &
ARG N RIEX I A GHPs.

Ihybrid = VRE + SMLp(Xselected)- (3.4)
ZWT TR T AL 3 EAMOTR A TRINAESE, BRI BENLAR MR G RR AR 7 1L 5E 1
A B MLP 54 AEZMEOC R, $RTH ARG SRR FE
(3) RFIELEE
f£ MLP-RF A A2, 0 T4 A\ 8 B AR BRALHE DU = AN G ER Y
H.—, RH Yeo-Johnson A2 ¥ &b B4 N FH4fE o 1E 4 Box-Cox ZZ#: 4 J&, Yeo-
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& 3.9 MLP-RF A E/HETE

Johnson ZZ#IEIT RN SHL 4, KARIEES MBI HEHOEMULES T MIES, A
o T Box-Cox AR A0 M T IE R8s ) R R, B IEAF bt A . LB IR
BUNANK B5)FR, TR x > 0, (7 R 2l o 250 o0 2% 4 40 K
Fe, TAE x < O, IR o BOR B BUB A 0 AT, Sk BB Sk
1S3, 3550 MLP X ARZRIE R R I RE /1, SETHEA 22 S eR

A
% ifA#0, x>0,

Inx+1) ifA=0,x>0, (3.5)

(1-x)2"*-1
=2

H =, B8 Z-score hrtEAL T AN HdE HEAT VS AL AL B, HLAR TS 5K
i G.OFR. T NFAESME, o NRERHEZ. W bR e,
FAEEMEIAON 0 ARUEZIAON 1, JEBRASFRFIE R AN 2 e R A 2R T30,
DRELIEXT SRR AL R 22 ST B T A 2

ifx <0.

z= (3.6)

(03

H=, BT (RE) BIRHIEE BN HTRE ST, TR fr /s> H BRI
NI NS W3 100K, B P45 SHAP {8 AT AL S B N RFAE X
R NO, AR RS A T SRR . R T I ISR FH A (R 4 N R AE
£, AHBRHERT BRI NO, A& B 4 B 2 i B LR 25 2 7, Eifikid
FEHE— D PEAK T U R RFAE XA L 1 BE 1 T4 -

(4) ZHMN

BFXT MLP-RF B2, @B RS ARG HELZE, SRS R, 45658 X
TV, RGMRIRILSEAEG . Ho, RF 5 MLP M2 8U0UE G Bl LR A
HUASE R mlinsR3.3. 3.4~

(5) MLP-RF #&AIZ5 R 5% L

w3118, MLP-RF A% SCR &40 Rl NO, A& I8 a8 H A8 i 7
RS, 3 R2IE 0915, Fif R? 3K 0.965, HiLS 20 A 25 F S H A8 T 25,
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(a) L3 SHAP {8 (b) T iF SHAP {&
B 3.10 MLP-RF #RRRE T B4

#33 RFSHEUE

24 BUEE RAERUE
n_estimators [100,200,300] 200
max_depth [10,15,20] 15

min_samples_split [2,4] 4
max_features ["sqrt’,0.7] "sqrt’

# 3.4 MLP S¥EUE

S Hy{i ¥ B AEIUE

hidden layer sizes [(64,34),(64,32,16)] (64,32,16)
a [0.001,0.0001] 0.001
batch_size [128,256] 256

RIABAS RIS BRI AR 1. 456383 SR bE 55 7H Fi S ae 2
. M#TF SVR. KNN. RF. MLP Z3E iR, MLP-RF BAUZE F i+ R?
RIS 0.227 (WHEE SVRD, FiFTil R? 271 mik 0.313 (XFEL SVR),
HGETiE NO,, A& 2 Han H A I FIOMIRS BE P2 T 2 2, X XS HER I NO, HEBE
BAACHEE L. R, MLP-RF B A H RN A T NO, A& 4t A8 136 (EAT
%

I FR 2B B IR TR (ERHIE LR SEAEIRTT), ESREUE
N EERUSE I 1R 4 A SIS AT R R R OBD 3ii 4k, RSN it 5 S
3 HT B R U SR L
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& 3.11 MLP-RF #i% B 2-TMME

K35 BMEERMH

A R* CHE R* CRUP

SVR 0.688 0.652
KNN 0.860 0.849
RF 0.867 0.858
MLP 0.824 0.815
MLP-RF 0.915 0.965

3.2 TLR#IE
3.2.1 ZFEHELIhE VSP

ZERLEThE (Vehicle Specific Power, VSP) J2&H Jimenez 2571 1999 4
IR, & SONFBEN D) AN E A (A2 kWD o ixdRbr 32
H B2 B K BNAE S IRAT 3P ) CBFERB BRI ) A%, #_A%E
Wshae s HRen T ER M H IR . AR NEWHBOHE ) — ARG R fa bR, VSP
RERE A ORI s AT IR 5 B AHBURHE . KREN BT FRERY, Zamr R
W5 VSP ZIAAFAE R EA KM, X RBCRH AL 1S VSP £ 2 HE a7 Hh 45 21
T Z N, RS T Re a7 5SS . AT, MOVES. IVE %%
ZRERL VSP AR N RS E, SR SHBCC R R 5%, 70#r VSP 5
ST G R O 2R, SEINEAS [B] TN AR v R SR, R
SR HOER AR 2 A N EENL, D g S A PR I8 DR B Y R AR AR

FEAFRERI Y, VSP BT e —E M ZE R . L MOVES #8941, H
VSP THRE TR T E TS A RO SRR, FA BOR A RIS AT T R,
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THEEHRGEHEE T EE, MEE., E. EWEIEIRBESH, BES
HMIRE X RIS T 5 M IVE BN ARIE RSP Z .. 2. PTERE
VSP. AHXITI &, IVE EEMBERENEEN.. SHEENLEM, DU ER
REZFNIEITY R ERLEE ) B, ¥4 X MOVES #:2Y,

FEATBOE AR, ARG O A R IE A TIRES S HEBCAAN 32 B 0L TR L
EEHEA TS EN R, H A SRR MU R R S HLI AT . BRIk, ST 3R
B IR I T s, AW LR & B &Mz R R, BH MOVES Ay
VSP iH &%, F4Em A G, R F i) =30 S B 4 42 I HG s it &
RNHEFZEAL, MG MOVES #iAId VSP (it 77k, WKIEAFKSE, REE
R VSP Bl . BARE VSP i E AR = 3.7) TR

2 3
VSP = Av+ Bv”+ Cvu +mva’ (3.7)

fscate
Horb, o NBERTIREE, AL m/s; o NNEEE, BAL m/s?s m NZEAR R SRR
B, BALt (WD A NEWRSIA I RE: B NiRIRENH I R8¢ R
HEBG fooge NIERE 5T A By Cv m UK foo. TNREL 1B A
WEAL AT A, BEARBUEINER3.6/7R.
£3.6 VSPIHEAXREEHUE

LB S A B C M firale
HARE (12-16t) 0.9872 0 0.003616 14 17.1
BHRITRZE (16-221) 1.3002 0 0.004456 19 17.1
HATRE (22-281) 1.6758 0 0.005200 25 17.1
AT (28-401) 22392 0 0.005776 34 17.1
HAMTRZE 40t PL 1) 2.6148 0 0.005800 40 17.1

3.2.2 VSP X[gkl4$

L VSP ARG IREERIR VSP T, N7 SEINVEA 241 VSP %1
P, EEUAIER) VSP X (8] (BRI VSP Bin) X437 5, X 2450 1 st 47 2K 5
Bro ARUHFFE A VSP X8 (R4 Tk IHEE A 7 MOVES A8 iR L (1 SR 2807
2, FERHE F A L 18 A (IS AT B R AR AT 1 it o v S AR o P
FEOE, R R 5y o AP ARSI EE X E], B a, <-0.9m/s” 5 g, >-0.9m/s?,
PR = AN FE XA, B [-1.6,1.6)km/h. [1.6,50)km/h. [50,80)km/h F1 [80,+00)km/h,
SR — 045G VSPAERT AL VSP X (8], X ZEREAT IR I CUE S, ALHE 0 |
B AT IEPUMEE TR . &SR 1 29 A VSP XAl BAREIRI 77
HEINR3. TR,

I VSP iHE RIS AT Lo, FIA VSP X [R50 X Hg AT RS I ez
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B3 ETE IR ESE NO, HsA
%5 VSP Bin, JPB X sy %] OBD 58t , HTZEWEiT T
#3.7 EARKE VSP X[ERIS

33 E%Lﬂlb\é&?&
3.3.1 FIimEEN

FEX BRI AT RS 7 i 0 R, SRR A7 T AR T8 B 145 Bt R B
— . FRETRAGEF IR, RS THIRE P NS R, 4
BRATBUA A EH54 (Global Administrative Areas, GADM) 5 FF/it#iE 1 K (Open
Street Map, OSM) i, SEILA A 2t ] 21 X I8 W (B e A, SREVEE RIS AT
FITAE TG %, RIS EE 2% 5 DL BT B R R S 05 B o 2 FE I R ZERAR
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3120, BRI

B, SREUER A AT X G B . GADM =& —AN 2 B T BAE
B EEE, R4 T MR ERITEX KGR, G N E A HOE AR
HEILRI R . Rk, A GADM FRHUH B th B 48 AT BRI o i B 4 s, 18
QGIS FAF XX B AR AL AT T ARAL, DA FAT B IX R 23 P dded A 2 12
KRB AR, B ARRERUIE R, (BIEH 0 2R H BRSO R A
fr T HUE A B & B IR A 4 A B 5 LR TEUX &4 BEJu E — B0k, JF
PEAE TN ERAL T 34 MEBATEX K Z AR AAED T, NERNE BoE AL it
T A

Fk, SRR ATICHE, B0E EAMis AT e i@ i . AR =)
VIN {54 OBD H4ls Xl 73 A Z W TR . M7 8E%E, K4 isT
MBI A VR, B A AL L SHE, R Python 1) geopandas 4 4b
M, 5HRPATERX W ZHREA DRI, SKRINEMRA R Ef, FHEH
geojson BT HHRE A7 i -

SRIE, REUS A O (B LG . OSM B4 82 2 — AN IR T 2 48 1) 3t 3 25
£, PR HEAN AR 70 S5 2 i s A, Forb R TE BR B T R A B [ETE L A
HIESZRERE R, FFHXARIE SRR A E R ID MIEHEEA Chighway)
EZ R EME, NEE A B2 highway= ‘motorway’, [EiE & highway= ‘trunk’ %%,
M OSM FRECIR [ 34 A5 g I s, IF455 290 i) 42 26 i 10 FAE SR 440
AT XA R P ], DA DR 5 2540 ) BN I8 AT X B

w4, FIHAGEER, 46 RS0 MK, e S ZE M Bk
g, FERBUE RS B 1 highway FUERE ID B, X BN E2Y
AR A

TESREUE B AR i AR, RO Z5 S B0 B2 5 A PR LA, B BAR
EMNAE 1 21 DX S IR G T8 B e Ao 8k DL E#RAE, AT DA IR I SIS 4T P22 1)
TEERAE S, SRBUERE A, 5 S EAR 150 28 70 A A SR BRI 1 IR S Al

332 BB

£ OSM L HITE BE 77 oAk Rk, XHERKREEAT T 2P 028, BFEmE A
(motorway) « [EiE (trunk) . FEIEFEK (primary) . KEIEH (secondary) . K
SRR (unclassified) 25 11 N2 HR4EER FEIE S LR 5 B, REK
TE SR NP FE TR GBS EEIYSE . DL OSM $ it (18 i 2R A4
NI, HHIEREM SR E RGBSR KL S, RT3 RS NS
%, FFIER=AN R, BIPGEEE (Motorway ) ET-# (Primary) VAN IR 2%
(Secondary), BEMpRAG AR BARFIEREM MR . 55, BETLMR
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B 312 BB R A HER

F OSM #iffs (0 2 Jufit, A7k 1 5 RETEMFHERIARE, NELEFMiEH Iz
T T e e — RVE ) 70 SR A At

K38 EBEESR
IR St TIE KR
Motorway motorway. motorway link. trunk. trunk link
Primary primary. primary_link
Secondary secondary. unclassified &5 4218 B

333 EEHITIER Y

FERI R HESHE AT SRR, M TRARE N E . HIL— DK EIZ
T BARAE N — A BARIEAT 70T, TCVEAR G AORECH R 2407 Hicdie i DA 22 00
oAi. Rk, 3T OBD Hdfaf LU SGE RS B AR, SR T s AT e R i
5 RS RAE, X AT B AT 2 E

CAFFERADT, S P05y B [H K AT 60s 5 3008 Z (AR, I8
1745 BRI R DL AR Z2 2 0] AGEREAE 2% LT, 2808 REFRII TR & K
FERHGE o H RS BT 2 (AT BURF R, ARSI R L 180s Dy A B
1, BERT PR 1 S S AR A AE AN [F)AT Bk 00 T BB BV ARAAIE, ANk &l 7y J5 1Y
Pl . 34k, R8BI PRE B bR AT BUIRES A A2 g HL 28— ik
N T AT LA RSO SR AR A, R EX 60s PR [A] 0 PR B AT REE — R oy . Xt
TR AT Bl AT A AL EE, SRIBCE T #r I B 2 ot . XA RE IS AT A%
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53 3 LTI R R RS NO, FHHS
MR AL B 05 A, T B RO R AR S B B 5 8, AV A 1745
AEAYHT FR/CHEROTR 0258 A 2 S

PRI A3 13075, BB LB 5L F A5 TR,

(1) e )5 0 50770 (AR 2R 40 VIN RS SRR 18], 5 %040 4
HERETHRHEA, SRS RFE 180s LB ) 7 1108 B 0 5 0 04 R )
B

(2) FFREEBR R AT R4 TR, B S K
AR B ID. W T AT, BN S . b R= 54 b2 S s
SHAFI BT 2/3. IR, T O LR R RR S, FIIL
PR A B, A3 LA TR I B TR P IR, o T AT A BT
FERE BRI BERE, NS SRR A A 25 R L.

(3) HOsBFRRHIR e PN TR MO E TR K, 258 T kB, ) f
Fi 60s (BT IV LU ATIE—BA 5y, I TR AT RS

B 3.13 ERTREIFER

334 FEWEITLIASH

BT 31 WE I3 THHGERAE SEE TE, W TS i idE. T
DUEHE DL BB B A5 5 B R S B e s B s B . Oy 1 A IS AT T A
MIE N, S8 MR 5 ST IEE B R A ONbR S AT B S ) o), FREAE
—RIEEESRM B, BRI B SR, R VSP IXE] (VSP Bin) AL
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53 BT AEERM AL NO, HME
MB%, FETWHEE. B, RE=E, AFEWET LEEE R0 .

B, R MTRER) T8 BE, 2 R AT 1 2o 1k 52 P g 1 3ok 32 [XC 1)
NN IBAT B TR BEFRZS (speed label). A5, i DAIE % S 700 I35 i b 25 A
R I B AT 70 A, BE IR R R A g S o0 B it — 2R oy, GiiHAE
A EEXEHN, AR EBHEAFEE R LR VSP Lo k. X
HIEEL 7 HA YA B ER R EE X ] (24-26km/h. 34-36km/h. 44-46km/h.
54-56km/h) ] VSP Bin (5 EEHPRIEHEAT R, an&l3.14 83,16,

455 VSP iFEJ77%5 VSP Bin 3REUTTVE, 20 B 241 33 L X () & Fh
VSP THUER /- A vl 0, SRR EAEAN B 00T A& B, f56 B A28
TRZEIRIE-VSP Tol Ak i 0, HER 248251, BT NO, HEUH it 5
HMINO, HETBOR B A 22 PRy 3 — 1500 SR AR 1 3 30 45 Rl 22

PAB 28 MG 9P, FEARTE X ] 24-26km/h 1, TR ZERZE AL VSP Bin #4E
H ARG IE T BRI VSP X [A], 35X J2 BT EAREAT BT, ZEA 30 ) 75 SR,
RBNHLI) TAE A A XN, VSP BN R AL T8 AKF o B AT FE P Y FE
PRy, T8RRI X 1) e s X R AR [, R38R VSP Bin (5 LA FAEH 4
s, VSP WS, X—IiFE VSP 5EEDI M. L miE e
I, R BT B B 2 1 D ek v il s KB g AT B8 FE 7y, AN {695 VSP 1B
FHR K, VSP Bin 43 A7 tH i 2 1) i X (A #% o X ANEIE T VSP AE i &
EAIEAT TOLA e, n] DUOAEE— Dt 98 2240 I HE U R 4 (1 T EE B 40
PRI -

& 3.14 Motorway LH¢EEFE XA T VSP Bin 7347
R ERTR, @R SR G, G TS TE R, far 7 BN
MO AL L SLTE RS E RN SRS, HA A 7 AR E TR DL A T
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& 3.15 Primary H4¢E#EEXE T VSP Bin 377

& 3.16 Secondary L4FEEFEX[E T VSP Bin 440

a2 HE RV RIE N B ARSI 5L 22 11 NO, HFBUA - B L NO, I SEi
WA HE O R AR I B8 1 R (0 Kt 2 il

3.4 NO, HERE-F

FF I S HHE R NO, HEIA T, 7 Z5E3RINO, HEBCR LS A R i
N HINO, HER A T HdE, S5 A RIBCEINAT, SREUR AR NO, HESIA 7, T
MR E317R, BRI R 75 /N N .
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&l 3.17 NO, HHEFHRPGEE
3.4.1 NO, HiE

1. NO, HESZRHH

MG R E RIS R NO, EER T R FE. W NO, B/~
A JEHESRE B, B BRI E N NO, MIZE R B £ E BN, SRk
T IRbed R R RN R, EEESRE T, RENASSRESSH AR
HEAKAERRN, ERFH#TINO, . s EEX R ZEREAREE, A
BEIE s A RSN, AR R W B X, R H B S R
SR TR NO, 1724, [FIB R & 1 U0 3= S TERRBE T 64k oy
BRELNO,

BT IR NO, PEAEMREE, 4G BT RIS T R4, AR KSR
BT AR AR EE A ) NO, R A, LR H B AR E. BihE L
J& SCR Fiif NO, A& a8 HEXT NO, HEt st Bisem, 522000 3.8)Fr.

_ (AR | p xR
NO. = < 3600 3600

) X Do, X 0.001587, (3.8)

Heft, Eyo, HNO, H8E, WA ofs. B URE LS TR HE, &
B7E kg/h, p SR, BUE N 0.84kg/L, WiME NEMIREIR E, A
L/h, Dy #REENFMIF SCR il NO, MR NO, KL, Bk
H 52— (ppm)s

2. NO, HEB R A RHE

PR AR A IX N RRE AR, A B RS B R Al 5 S AN IEALIE L, 2 A
i A7 35 [ ) VSP Bin-NO, fFHCEFERIEL, 708 NO, HE S ZE40 Lol (Al 1324k
.

SEA 3 8ET A, AN [RINA ST i B 2 Sy T R s AT Ik FE e, Ak AR A
DL R R o — R FEVE R — ANk, AEA R Y L (/) B
VSP Bin 36K, 8B X (0] 4 25016 NO, HERCR B4R I b B —AN T80 X (] B 7
A —ANMEE X F, BE#& VSP Bin 85K, VSP FH&E, ZEHR NO, HESCR BT E .
254 DR FOBIE FE 25 18 AT 0 192930 3k L f o R S 9 B8 AR AR OU T 25 R 9 NO,, HETiX
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83 & TR AL NO, HEMA 1

RN ECAU TS 1 5 EPRIF oL, Xt A 5 B 1 AR T i s ) Bt 4
MIE St S & .

A 3.18 VSP XI[A] T NO, HEBEHE 240
342 FEE-NO, HEAETF

FH NO, HEHSE, G647 REEAIRSEEER, KEGMHIEREET, NO,
T8 R 1~ i e AR A R

1. XA HHEE

BI5GB AREAL RAL  ZEAAE R r BOH THE NO, HEBR T R A
BAE R P FREE . — A G IE R A R A — D A, TE bR i
(Motorway)+ FF# (Primary). XX # (Secondary) —ZH¥#z. — MR AT
ATRERN 53 J5 A AT RE - 38 FEAR RS, 4 A3 M A2 A0 8 20 1) =/ 1 B 0 B v (1)
AT R R s 42 TR Yl JE AR AR sk, BRI AR 0T B — AN ()38 g -~ 2 -2
MR FEE (LLUNRIFREE T R | fIREAPOE ST IE 13 1E
FEALT [0,2)km/h X TE], X (AP35 BEARZE A 1km/h,  FB4ZAT R 4080 5t )5
AN (HRIEER-1km/h-ZEA02E L 1) 7.

2. THECEEE BN B NO, HER A F

EEEFES, BH%, RAATEAR GOETFES, BRI T X [E
3734 NO, HECR, RJ5 LLF8E9 VSP Bin 9 &5 ELONRLE, FAEXF BT 23
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83 & TR AL NO, HEMA 1

RENZERE, IR (3.10), FE43 27T THHI NO, HERER 7, BIT 3938 B A0
NO, HEREH T

- (3.9)
v Za/ t=1

EF 3600 x Z?inﬂ;’i?lo(ﬁi,j - Py

i,s o

(3.10)

S

Hor, i UREFIRA, j AERITILXE VSP Bin, FIRFRHMW LI VSP, T, ; N
AT i £ TOLIX ] j BRI, BN s R, NZEHG i /£ TOLIXTE] j R 58
t FPIHEROHE A, B g/s. R, AR ZEM i 1E Binj FHISFY NO, HEBR, A
9 g/s, PN Binj 1E4HT TP AL, D) 2 M RTEEE T4 s X RSP BIEE,
BN knvh, EF, o BIONZE40 i /2 5 HTHE o, R NO, #FE 7, FAN g/km.

3. FHI#EE-NO, HB T & E

XA B ARSI RN G A 2R B AN R P A B R 1 NO,, F
BT, AL glkme ANFIZESEBYAEANR]TE B b1 T3 E-NO,, HEBOA 1) 45 2R
WEB19F 7R, Bk b, AR NO, HE A 1 # 2 b E e 1T d
e M bl 2 AR, R TP 2.

24 v FE LB ZE HETSOR A DL S FC A AR DA 7 rhons NO . HER R ALy e
TR T AN AT, 3,190 NO,, HERR T i 28 A fh e A 77 & B st i . B ARAR
IR : £E 0-10km/h (IREE TO0L R, i+ E RS L AR B AT, &3
WU AR A, KA RS T AN 5 2 ST R IR G, A TovE 76 214
ke, SEEWNO, HEREE . A5, GETR T, BERSMITER SCR B
J5 Ab B F G b AL A B 1) AR TR — FRBUIR, TE Vs B AT LA AR A R S A
BOEACIIREE, X2 S8NO, Hke s, B 380 LA T 1) NO, HF
JBU T8 o

FE3EBE L B 20km/h 2247, 240 NO, HERUR 70 B MK X2 T 225
SN RIS, RENFSE R 2 3T, XA S S R AR &, R
gy, RN, RAIRER TSt aigm SCR BB RN TRE, M
BT AR, > NO, (R BEIE NO, HEUA T+

1M 2438 KT 20knvh J5, 2RI R SHHLEE AR R K TARIRES, A EGE
kbR, HRSUGAEE R G A 81 TAERE &id, T RASEIN NO, 1Y
SR EEAL, T NO, HEBERFERARIZK T, NO, HETs ¥ b 8 R 1 A2 4k
(VSRR

ZE G AR OCHIE T 5 LA B BT T4, A SRR NO, FIFBUA 18 43 A DA S AR
PCRUERAT £ 581 580 B8 ZEAE SEBRB AT o REAT AR, BB g R, Ut
W 7 AR YR B (0 B 4 R B
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83 & TR AL NO, HEMA 1

& 3.19 NO, HeH T ik E
3.43 FRIGHMERE NO, HEEF

1. ARIERRE FRLEE NO, HR AT

e, T LU EE P E-NO, HO R, DU P AR B
FE— AR B BAR B o LEONHEBOR 7R, Rl SR A5 55 Fh R 528 B AE A
[FE R F ) NO, HEs A . Horb, FEPREEE B, 2245 1 2] 5 B30 NO, InBHE
R0 N 0.037g/km, 0.19g/km, 3.42g/km, 0.47g/km, 0.23g/km. £F#% F,
AT 2 B 5 1 NO, IAUHEUA T3 58 0.34g/km, 1.76g/km, 0.54g/km,
0.48g/km, T 1 BT FEMMEIRE P AR HA T T EEdE, Fitk
AIRBOZ Y R0 £ T3 ESREHERE 1. ISRk b, 251 21 5 RAY )
NO, JBHEB A F 435 4 0.084g/km, 0.42g/km, 1.77g/km, 0.94g/km, 0.34g/km.
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935 TSR R E S NO, HEA T

B, PR AAE — P B SRR ) BLRR o LEOA R, 1 B =il
B & B RLSEE AR T, SREIEB 200 R PR ER . TR RSO =R
THIZEE NO, HER 7, HAE 7 N: 1.82g/km. 1.28g/km. 1.24g/km. HRHE[E
N A R R HE R AE M R [ SRR R B R 4R NO,, HEEE AR ™
T 7%, 456 CEMPLENZE RS IG GPHEGHE B4 i 4R 6 7 Y1460 o ) 3 71 2591l
TR 4 NO, FEAEHES R 77T 50, E TubrdE oA 4.72g/km. Bk, AN, Aose
6 IR EX ) FE A B8 e AE = A IE 25 R ZEA NO, HEUA 7Y N IEF A .

B 3.20 NO, ZAEHBEF

2. #Z#E NO, HEE 7

8 73 37 7 W HE RS B, T B R 3Rk NO, HERH T, TE TR VELR %L
Wor. Bl FeTAS AP 2R b 420 B AR AR I 2 e A i AR R ) o L
XF NO, ZEA HER R FHEAT AL, SREUSEHE NO,, HER T4 1.64g/km, AHE: T H
T E RS SRR (R B UHE AR T R R T 49 65%, B T ARG HE.

BT IR AR, SREL T E /N E A S B AR A H A 1, AN 1 ESEIR B R )
NO, HANHE ¥ 172 e BB il s, E oS bk i aidr o #5558 55 7
[ NO, JHERCR B35, AEF A AT NO, {5 Y& T/ T. Hoh, @idxtt
ANFIE BRI ELEE NO, HEBUE 7ol 50, PRodig By NO, HEb = F % . Ik
% 29.7%-31.9%, AT LUE HIE B REEXT NO, HEBUKIsEm, 762 )5 1)
NO, HEBUE % o SLZAH B (1 5, JE— P nasoof pid g 1 B 3 58 5 4 NO,, HF
TR ARG HE 3 T A
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83 & TR AL NO, HEMA 1

3.5 AZB/E

REF RS RMEAGE. 22BN BEVARME T, RIS 0 B E Tk
SEE AT OBD RN EMIZATHdE . HIHH MOVES #2811 VSP 115 7%
SELZE A VSP Lt Bl L& VSP Bin #5345, #RJG 454 GADM. OSM DL 4
A ENRIEIERE RS, S EWT TR, R eSS
T -TE A AE Y [ S B AL S R A B R R A . AT RS EUESE, @iz
17 LWL A DA T -NO,. HEBUS AR AESEAT vl 04k 434, SR EN EE AL 4o T8 42 1
BL-NO, HEBUG A REAE, Fah & CAERT TR W0 A 0 & 3V . I DARIOW T o5
FEAAE, THEASEREE T4 1 NO, HElIE 7, /47 E AL 48 18 4= NO,. HEiX
3 (AR AR AE s LU L LR o DO, SR T L Siis i b E R S0 T 42
1] NO, FEAEHEMR 14 1.64g/km, VLJPRIERE. T8, IXSCEE —MRAUT Y
ZE4 NO, HERUR 7435 04: 1.82g/km. 1.28g/km. 1.24g/km, i bt AT SRk % 45
T AR B (R HE TSGR TR 29.7%-31.9%, o H B BRRRE 45 /% NO, HERL
(PS5 AlTR
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H4m FETHEZRZ K NO, BESHRBIN 75 %

F4E ETHESEZHHNO, BESHBINGE

A BT WAL GRS 75 FE NO, BESHE R A, 4Rt 7 —Fh T
BV B USRI B B B2 25 NO, BESHRIUIN AR . ARt i T3 =
R E ARG B I S Bl R, B e IS R B NO, S HER S
HARRFAE I G, THIEWIEE R AR AL H0, A XGBoost A5 A AT AL 5
TP, Bt PAE SR LR, SRELE NO, WiaSHRBUR M S i s 174y
it SERAFIEICAL: 5%, RITHEBRZ RN I, e LightGBM Al XGBoost
PIMEERE A A S, IRIUR IR 1) NO, RS HE T4, Bl SLXGB 4,
I 5 HABARRTVEXS b, SR UEA O S B A R . fJm . R SLXGB-NO,
W5 25 HE RO A R - S N R i EE R S B 2 i 20 R (1 NO, HEUR ., I
38T NO, HERUVI 22 0 A RFAIE

4.1 BIRESHEXMSH

I A = E ) TAE, AW S IR A T #8572 O -1 BRI 1Y) E Y S
WREB R I B, A a8 R B 75t i AN [5) 2 1Y 51 70 B0l 1 22 7
ANFEER Rt EdE, BV B e E 2 A E 0. R A (3.8)FREL
T NO, WRIREE S E . A 1 IRBUES R £ T S HFIE S NO, I I HF 35 AH ¢
P, X BAKIRIEH Pearson Al Spearman AHIC 2%, 7 #1 NO,. Bt HEBC S HAth KR
TERIFESSME, W41, B, HTELG NO, FBEEEHR A 1t
A BORHAE BL A SCR Rl NO, AL ERES 4 8, PRI O¢ R BT 5 DA S
i, SRR =AMFE,  B7 bR e X A 3 o) AR R R L R R I

(a) Pearson (b) Spearman

B 4.1 Pearson F1 Spearman 55 &%

MRAEAR R BT R, NO, BESHHCR S ZE (speed) « KL 4 tH #1100
(neot). tLINF (VSP) & HA—EH IR, 74k, T BB RN
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H4m FETHEZRZ K NO, BESHRBIN 75 %

SR, WG gh DL R U B ARZS (fast_label) IIANKFEEE. Kb, VP& EE
11 AMFHIE FVRFEEE Features1 1 y2EAi NO, BEASHEBCI H % N FFAE

Features1 = {speed,Acc,neot,eft,VSP,scrTin,scrTout,DPF,Ing,lat,fast label}. (4.1)

4.2  ET XGBoost BF9EAL NO, HEARE

5K AR S G BT AT ) B 4 A TR AE R M DR DA I 2 SRR A TR, A
YRSIEBGSR F 4R R 2 21 R R FE R TR S (GBDT) HEZE A 1) XGBoost Hik i
NO, HEBCTRIMAERL . AE 9 = IR B3R FHAESE, XGBoost 1 =ANAe J1fFAl: 18
o e R 2 A B AT R AR e R A AR R R AR RE ) Rt E AR . N EIEN
AL I LA CRAE B 1, 5 A IR S8 1 2508 4 P 75 155 284 () AR A S DT TR
BTG —5 2], XGBoost it BRI (Boosting) i3 HE AL {0
BE /1. HE4h, XGBoost HiE T SHAP H XML B B BT VR4, AT UKL
YRR A EALIRYE . Bk, 1% XGBoost SiE BRI 2 T 8 2 HBH LB A R,
SONBEAI AT i MR AL T R S

PLRFIESE Featuresl NI NFFIE, TERT ZSEHE4E LT XGBoost H ik
NO, HERBEAY , A4 BI TN ) NO,, HEBCR 5 RIGHAE T G, RILE4.2(a) AT
s HE BB R2= 0.85, 7717 MSE= 0.029. BR T LLARE: JF UG 4E 85%
MR, (B4 NO, HERERES, T RCRALE, BB E.

i El4.2(b) HSEI4EXT SHAP {E 3 AR vl 7, TRIEEE RS fast label JLT
X NO, HES B A ik, 7 oh, EXFIg4a% SHAP AR MG AL AT R
TEW R SEa, 4R INFA1FR. HAE AR 5 ARMSE 20441, &7 SCR A
BJE (sctTin) HEEEHH (eft) PAAM, AR =ARHEX NO, HEBT 45 R A
e N EE A

(a) NO, F:AiliHFs 2 R (b) “FH4a% SHAP &
B 4.2 EHRENO, HEERI R
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Fawm HETWSIZHN NO, BESHB I 75k
K41 FMEHEMATHER

BRI AR? ARMSE
eft -0.006573 0.000831
serTin -0.000044 0.000006
scrTout 0.000056 -0.000009
Acc 0.001656 -0.000214
fast_label 0.000506 -0.000065

ZiE LR, MWRFESE Features] H 5 FRIX Acc. scrTout UL/ fast label —
ANRHIE, MRS 8 MNMRFE MBI RHIELE Features2 (A1) DPF_x 5 DPF A& [A
— MR, T B AN NO,, Bt AR A il 2 5T

Features2 = {speed,neot,eft,VSP,scrTin,DPF_x,Ing,lat}. (4.2)

43 ETHBZTIHH SLXGB-NO, HIRFmiER

N T R E RS 1T NO, AR IR I 2R MBI, AW 7
F e T HEBZ AL (Stacking) HIVR AR RURAY SLXGB. 1A RUNESLIE 1T il &
LightGBM 5 XGBoost FIFIRILS, 780 1230 I 2= Bt S i AR VERFIE 5 2 4k
AAHRF, VA ENA/E R BRIE, X2 3145 B T 4 R HEAT Ikl 5, 15
B AT 2 2R

431 1EBENSE

4.37 SLXGB-NO, IR lion B8 228 H@ i 7y =24 2 HL
SCHL T ARG B4 NO,, B A HEBU = O AR S AR HE TN . SLXGB-NO, F
JRCTUAS 2 F) FLARSHE ST 5 R AR

& 4.3 SLXGB-NO, Hei PR

(1D WNHEESMRELR]Sr: LA Features2 H I 8 AN I A5 AF ¥ Bl 5 1iF 25 [A]

X € R™8, NO, BASHCE N At B y € R", R 8] 541 2 1354218 8:2 1)

Eel k) B EE, LRI ERIE T P TINGEZ G, Db ARG Btk 1#
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H4m FETHEZRZ K NO, BESHRBIN 75 %

NS/

{Xtrain = {Xi}?fln > Ytrain = {yz'}?jn ’ (4.3)
Xiest = {Xi}?=0.8n+1 > Ytest = {yi}?=0.8n+1 :

(2) LightGBM EAERIAYR . BT B 5 BISIER mcie i, B M0 s 4l
(num_leaves). %23 (learning rate) %5 8 ™MZ LS (AW WEK4L2). X
F DU B At 4T 50 s 2R, il 5 $ra8 AR (n_splits=5) ik Z
BAA, UsMURIEEY HIRiIRZE (RMSE) NHEE, BEikARn @.4)87
R, Hodt RMSE(Y'g, %) A% k #7158 X4 1) RMSE.

5

_ 1 k) o(k)
= arg min 3 Z RMSE(y ). (4.4)

*
0 val’ yval
e k=1

LGB

# 4.2 LightGBM #BSHEETEHE

HSH EVEIERENEE! EAEIUE
learning_rate uniform(0.01,0.3) 0.210
max_depth randint(3,12) 10
n_estimators randint(100,1000) 825
num_leaves randint(20,100) 54
subsample uniform(0.4,0.6) 0.58
colsample bytree uniform(0.4,0.6) 0.53

lambda 11 uniform(0,1) 0.120
lambda 12 uniform(0,1) 0.472

(3) XGBoost ZE LAY : £ %F XGBoost AR B 0O Sy fp i, 21 b g
S XGBoost FEHERIR, W E i KBRS (max_depth). L2 1ENI (reg_lambda)
Lo MBS, FFedEd Ui, FR45E 5 Prac SRR VPl AL iz A0 1t
e, PR mESHIUE (SHOEH RO ERUE W38 4.3) .

(4) Stacking ERMALH: B AERAGHEL, F— R )M HIE M
LightGBM H1 XGBoost #4{t, 2 — 2RI BIAIE Ty ) 8. i 5 958 i
E, FESLER ) NO, BRSO, Rk 4.5). X7H, o fl g gtk
PR, BUEYEEIY [0,1], HilE a+p =1, EHIB MWL (LightGBM Fl
XGBoost) MITTHR; fLge(X)~ fxgeX) M4 AN LightGBM 5 XGBoost #2345
IPRINEE R sy oG TR -, w U8 [l 227 = 3 4 Hh 45 SR AL = ) &2
b A B I
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Fawm HETWSIZHN NO, BESHB I 75k
% 4.3 XGBoost FBSEEHE

HSH U v B AEIUE
learning_rate uniform(0.01,0.3) 0.135
max_depth randint(3,12) 10

min_child weight randint(1,10) 5
subsample uniform(0.6,1.0) 0.967
colsample bytree uniform(0.6,1.0) 0.813
n_estimators randint(100,1000) 493
reg_lambda uniform(0,1) 0.545
reg_alpha uniform(0,1) 0.432
gamma uniform(0,1) 0.038

Fsack®) = afLga®) + BFxge(X) + ¥W [ fLge(X)s fxge®]1+b).  (4.5)

L L EB B, 4K LightGBM (LGB) 5 XGBoost (XGB) Hi%, # &
RIS BT 2210 NO,, B SRR iAR AL, B SLXGB-NO, FFsisisl.

432 RBIGRSHT

1. BERURHE 5 Hr

£ SLXGB-NO, WA HEE A, B AR E G158 4.4F 7R . i@ g Bl 70
2 S BRI R EORE A3 M R IR, LightGBM 5 XGBoost 1E Stacking HE 42 i i AH % 57
BREZEL N 57:43. 5 XGBoost FEHER AT EE, LightGBM I LA S 104k,
J5 1 R SO AR B N SRR T T 10% A4

R 4.4 FEEERNE

FEAR W (alp)
LightGBM 0.57
XGBoost 0.43

AL, B4R TR NEER SHAP {8, FIH XGBoost 5 LightGBM
(RRAE B BPE AT AR RN, X S 4 NARIEEAT 0T 25 5 43 T T 1. XGBoost 1, %
H (speed) [F 34655 SHAP (AR E R, X NO, Bk 25 HE il 52 e
KRIVFHIE, RWGFEE NO, HEBC BAAERR I RN, X7 U 42 iR AR 4k
SRR BN T, HETSEN K S BEHRFOIRAS . 2638 NO, IR 3L -
AL, KEWERE I (neot) SEEEEIHAT (eft) 1Y SHAP{HIXRZ, WUl T
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B4 E BT HEEZ I NO, BESHEBGIIN T %
RENPLTARRZEXS NO, B S HEIMH 225 5201 . MifE LightGBM 1, " LAE H %
T4 LR NO, BESHEBCE BUKHISZM, SCR RGURE (sarTin) 5 DPF JkZ%
(DPF_x) WM, BT OB B AR AL B RS0 NO, BRI
M o

(a) XGBoost-SHAP & (b) Light GBM-SHAP {#
Bl 4.4 SLXGB-NO, HIARAIRHE SHAP {H

CEA A FE R - N R AIE B L AR T LA, XGBoost 58 TR AE
W A PR pe I FEXT NO, BEASHE B2, 17 LightGBM B KA 2 5 b 2 50 75 i B
DK IR BE R 0 HE s . IR, 83T Stacking 45 &G, —E W A K
TP EAME, EEESE T T IO RS B R

2. IRBIG R

Kl4.SEMER T SLXGB-NO, B 7 HE 5 7t 455 24 (1) Ji 46 - 0 A B 20 A
B e A RUE AR IR e E% (y=x) . WNBUSETTRIES], J7
GE- VRO K s s AT AR HL35 ST A3 A E 58 AU A e PN, XA 1 2R T
546 NO, HESCRAE < A — 8k, R PA MR RiF. Hoh, BA)
RIE RBUR?=0.967, FWIRAIATERE 96.7% () NO, BESHEOT 2, AT FIH
XGBoost 57 L HERYSE = 7 0.113, [FIF, RMSE=0.0192, AHHTIEHERFK
1 0.00973, ARAY RS AT B T R E ST

433 1RBINTLE

FEF L. SLXGB-NO, B HER I A 2 1, % 2 M B A 47 17 s,
DA I SE- TR A5 B R R AL R, IFRI A R? 55 RMSE WAL R I, XG-
Boost KILILE4.2, HRFEMEA R INEL.67R .

(1) ZIREMERAEA: BT —ngttble, ZedkitERA%E 72440
ANZHOT BRI, @i 5] N 22 AN PR 2 5 A 1 A A0 N S5 2 TR ()
KFR, HERENXA 4.6), Hif x MaARE, RNAZMHASE, K ARHE
BUE, b NRBAWE, His&ddS kT 5 e FfbE f0 RaTResr H
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H4m FETHEZRZ K NO, BESHRBIN 75 %

Bl 4.5 SLXGB-NO, HHSUERIRR

bR B FLSEAE
f(x)=kI'x +b. (4.6)

(2) K iEAl% 7 (K-Nearest Neighbor, KNN): {E N —FHES LA, KNN
I EAEAR A RR ECRE 29, R B A s sl 1 KA AB R R AR 38 4B AR S T
B MR GE S O T AR/ K S50 S 7 Uik . SRR (R4.5),
KNN f] R? 7y 0.654, EZT MLR, FIH NO, HiE I A R AL T,
{HH RMSE (0.0446) A THAEAY, JE A AT RETE T s de i A\~ PR B 5 2R 8%
H AR R RRE R A TR

(3) RIMEFEHZL M 2% (Back Propagation Neural Network, BP) : {Ey—Fh
W28 AR AR IR 2R 2 2 R 22 W 2%, BP 2 W 46 T 3 1F J i) 4% 9%
AW E S mE, RS PRSI, Dik/MERZE. DLBP &M
2 NFERE, SEHI NO, HER T . 4550 4.5, Hd R? 5 0.730, RMSE A
0.0394, EIAAHERTLIEMIHE KNN &5, (HAUT 7 BELARR BRI

(4) XK FE e 12 M 2% (Bi-directional Long Short-Term Memory, BiILSTM):
KA HACAZM 4 (Long Short-Term Memory, LSTMDOM 41355 5] N T T#E L4, fiR
TR RN I, AT DA R R A R KRG R . BILSTM NI £
1B A AN LSTM 4%, F P XU R AR (S B . LA BILSTM N 2EAil Y NO,. #itill
£ R? ERIRILN 0.712, RMSE A 0.0407. AT BP #1444 JTF#%, HAE
B K, SRR,

(5) BEMLARMELE (RF): T Bagging fEAHELE, RF @i HATIIZRZ AR R
R IR A R UIRTHZARE 1. B OUAE B BEATL TR A R 50 3 R AR AT I
2k, EISEF I PR U7 22 . k4 507, RF B R? 153 0.835, RMSE F#
£ 0.0308, HiiE T AR SRR IR AR S R TR RE /1. {HS XGBoost #H L,
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H4m FETHEZRZ K NO, BESHRBIN 75 %

HR?MET 0.019, ATREIRT 7T : OFARM I K SFRIGR SN ERAL, &
LG ARG QFFEFENLIE EAHE S, (AR 706 U E A 615
B Rgh, IR, RF AR SFEERASENIY 2 B,
AR AW

(6) XGBoost 5 LightGBM: & T#iEFEFHESE, XGBoost it — K FEiL
WHARE S, I NEN LT H R G 24E, H R? 4271 % 0.854. LightGBM
TSR F B TR0 P R SRR B R, E— D% RMSE K% 0.0246, 30F T
T BCREAE T2 5 U SR A o TH0R B () (e kA

(7) SLXGB #&%: ASCHEH ) SLXGB #8F F Stacking 45 ik LightGBM 5
XGBoost HEZE, AR 7 (AL S5 B B el A1, SLXGB B8R #5395 T Light-
GBM 5 XGBoost 5% H A4ME:: XGBoost 18 i ¥ i 77 O B0 VE A E WAL T AL,
KPR SIWLBES T AR ERRE; LightGBM 2T B 77 AL FIRRE 4R 5
FR, Betl s R B i 4 (A )R 240 . Stacking AESEIE IR Bl HFLE — 3%
(%t AMYGRAR 7 B — BRI 0L G XU, S I 76 2% 2] 25 2 2 TR B B AR AL
5, DR T AR A A Bl o A RE B . R4S FTR, L R? IA$) 0.967,
RMSE %4l XGBoost B8 T B 33.6%, KB 1 A2 i AL i ik B 2 35 42 A5 A
Xof ik A5 HETBCRFAE B AT e

K45 BEXTH
L R? RMSE
E o quAElE 0.144 0.0702
KNN 0.654 0.0446
BP 0.730 0.0394
BiLSTM 0.712 0.0407
RF 0.835 0.0308
XGBoost 0.854 0.0289
LightGBM 0.895 0.0246
SLXGB 0.967 0.0192

49



H4m FETHEZRZ K NO, BESHRBIN 75 %

K 4.6 ZERIBEAINTH
44 RRETESTYEERNO, HIHUER

¥ NO,, 578 HE P AR 8 B T 4 37 3 7Y S8 3 1% 25 1 40 MR R 1 NO,, HETSUIE
FURARRSLI IR A B0, B #ER 1 NO, HEBEE 5] DL S BT 3 78 28 17
1) NO, HEUE Bk, PPAEHER R, TS R AT Rer Ak m, IXfEE A
S TR R HEBSCE B TR A B OCE B MAMER, vl DU I A DG Uk o B
BB 22, [FIIN TS Y8 BEAR ORI T IR AL BR AR, (R3S BF R AT Fp Sk
J& o AR L SCE#SL R SLXGB-NO, B ASHE AR, 25 A il iy 1 AL 4
MR ZEZ AP OBD #dfE, FKHLNO, BESHE, FH 456 OSM SREUSCHR T 25 % 1
K, i QGIS HEATMIAKKI Sy, #Ar 1kmx Tkm FIE/IN E 7S 5 R 480 18 42 NO,

50



W4 ST HESIZ ALK NO, BEASHEBCI 7 i
HERCE B, M AR T B R ST 0 4 NO,, HEBUI I 25 40 AR iE . HoAk @ srid
FEUR A

441 BNEIZEWZEITS NO, RIS HE

1. B/ EFREITHIESE

FRART LT 7R 48 102.9°~104.8833°, 1L4F 30.0833°~31.4333° 2 [A]. F iz
FEIE 7 611 OBD 24 A GPS jEAL, HRIE KA LS FEINME, Z/ N ik
R TV Rl Y 24 /N R S 67 42 OBD a4k, kI EE — 3 3.1 41 OBD
B 0 1% -5 I Ve R SR 28 46, % HE MOVES #2811 VSP 1157730, KEX
VSP Ti%dE. 7ok, HR#E SLXGB-NO, FAH i NFFERI 23K, Bl Features2,
N ES B v B BB AL PR N 4R . DA SR B T 7 B R 4 vl T 4 A /N i)
MRS ATHOR AR, IR 24 MR AR

2. B/ EFHIBTERE

ST RIEYE, HMArEE o CGRAL: km/h) BN v, (km/s) BIAT3RTE
MATHEAT AR NG, R EER T o, B0, BIRTSRAS RCHR T E A S
/N BBTH B, SRR TR, ATLE, ERETTA, BN
FEAEM RS BRENER 1 S8 L4 8 &, —HE L, 8 A%F
14 5, REFEAT R EERIN B, IFFE 14 FURFE /N BRSO 1) fm 0
2 G BY—H N

(a) B/ AT R ARG T (b) AR
B 4.7 BAETTR/ N RS

3. &/ NO, HE &

BT EJTIRELN) 24 NS AT RS, Fi\ SLXGB-NO, BM 5, FREE
) NO,, B (Enox), HREMBWHIE. A5, KR ES
(1) Enox F (%% 20m, BRI SRAS AN aHECR . Goit iz /Nt i HEBCR DL
AL, FEWMEA R, ARM NO, HEBEIH IR “X0E” /3 fi, X
b5 S B AR IR/ R B AT LR AR AL — B

SRR, BT 24 /B E RS B 4R NO, HEGE N 4.2 Wi, FHid,

51



B4 B ST HEEIZ AL NO, WA HERCIN 77

FEF 9 RE T 14 JUIE/NN ) NO, FFE S, 7772074 345.57kg 371.64kg.
BARGH O H, —RZ A, BB R E AN ER S IR EE AR 1 siE 4 51 NO,
A E A, G 2P B, S B8 SR 11 A, NO,
A E A Tl . 75 R4 13 A3 15 55, —RZHIE A No, fHilE
EEH . FAN, Giit AT E R 7 A E 18 A B E A L8 1 4 NO, HEBUL 4R
HERLR) 79.9%, 1X 55 5 A1 48 i 0% 4 DR 008 S 1 AR 1 ol A B AR R 1) SR AR R AH
Ko

(a) IZ/INEF NO, HEAl & (b) HE = TR
K 4.8 FETH ERILEH BB/ N NO, HERE

442 NO, MIELHERE B

1. AR T ok B A AL

FIH OSM ZRIUS AR T B % P R 2 B, 7F WGS-84 (World Geodetic System
1984) AEhR 2K, Al ] QGIS i, FI I 243 LK s TR 23 38556 4 1kmx 1km
RIS, IS B A D IR RS, X RS WA BEAT A8 5, 1R AR S,
T EEAL R MG . AR i Bk S an A= 4.7), Hrb XL Y 0 lER
WASJS BT RS R . BARKR, ) FECEE, xo~ v M ACERFTE A EE . 4ifE

_ X0—70
X = 0.008333’ (4.7)
_ yo—10
= 0.008333"

2. ZIHEEE NO, Hg M HERE B

(1) R/ B e B SR 0 s, 8 FH 43 P T 500 R I A% AR FR (X, Y),
Fefs HAE S 1D I N BH 46

(2) I ID X —ir2E, K&/ EdEET 04, RIEHT o, M
Enox. M EHM) v, Enox R0, BIATERAGEE/NE A A WS 1 42 40 is 47
B (Mg, LR NO, HFURE (E,,, ), JFHEE (MK ID, 28, 4%, 5
., NO, fFsE) Mg, RN CSV 3fF.

52



H4m FETHEZRZ K NO, BESHRBIN 75 %

Mgrid,h = 2 (Us)(i,h)
iegrid

Egrian = Z Enox; p
iegrid

(3) FIH Python [ geopandas, &5& AR T IR s X B, 433l 2 il 45 /N B
(1 LR NO,, HER A AL 25 (8] oA o anf4.10. 41104 B 9 Bf 5 R4 14 Y
PRIt Vg I B A9 Jee 7 23 [R) o3 AT R T B

(4) 3% O RF T H RGBT 1 32 B8 S oA T w0 B0, 36k 1 4.9 i oA 1
RHIFRIR, SR AR IO SE G mE . SRR . =3 R T A E kAL
AR AR A, ) b, B9 AR, R T A S O] AR AT S TR A AT T Y
SR RN 2 ek s b, IS AT SR TR RR A NG Ak, et S 2T R A
. 5ok, ERPATLASL, BB L) — e R BIE R b, RRRIaAT A
NEF . TE N 14 5, EHSMBREN BT R P Eh, XEKNE
RS B R R AT IS M AR, IS TIE 35 30l T4 o A Al E A O, A
P rE EPUHAE EEIE R AT A XTEEAEE NO, HEBCE: 125 18] 43 A1 #4 /)
BT %0, EAISEMTEZE NO, B S HES X It B SR gedl mnd R A, HARARHE S
IBAT BRI A I A REAE — 8. A B PR R LKAl T R
ATRHIE

B 4.9 AT EZER

53



H4m FETHEZRZ K NO, BESHRBIN 75 %

(a) 9 I (b) 14 K}
B 4.10 BEBTH (a)9 B (b)14 B EFEBHE A

(a) 9 I} (b) 14 It}
B 4.11 BET (2)9 B (b)14 B NO, HRE AR

45 KREBING

KRER T R AL G TCE T NO, I 5L BESHE R, DA T
THRAI, BEE AT H RIS AT RAEY NO, BraSHRrsom, T8 =
AT RS Bt RN e AR SR, DUESS NO, HFBCR NS A, @ Ar Tl
HASG B4 NO, WraSHRBRIR AL . 7 S A A o< S Bt 2 s 1T 2 40 A
LA BHFES NO, B S HEBCZ R HIAR R, #IP3REL T 11 DS EAE R IEER
Features1 .

o, R XGBosot PR @ 37— MLl NO, SRR AY,  JFH)
H SHAP B /R NRFERT NO, WS HFBGE M B AR o 45 &R ETH A SR8,
BRI R TCIE RE R IS4, SREUE NO,, BESHERUR BRI 8 NS4, #)
FSHT R RFIE4E Features2o

SRJE, UARALIE ) LightGBM Ml XGBoost #4) il 2% ) 8%, IS R 1E N

54



B4 B ST HEEIZ AL NO, WA HERCIN 77

JCE 2%, RHUT Stacking 56 4804 1) B AL S 57 42 NO,, B A& HE B4 4L,
Bl SLXGB-NO, HERUBRAL . #H%T XGBoost F:AlFEA, R? 55 0.967, 1T+ T4
13%, RMSE [ T 33%. H7ES5HAMIEEBRAAHLL, SLXGB BAUAAE Tt
FEFE FAS3) 7RIS, ARRCT Fo A A AR, S0 204 28 A B v A

B, TR I F 6 M E AL S 57 4 OBD #idls, FIH CAER
SLXGB-NO, B HEB ALY, SREL T e i 23541 5800 B2 4210 NO,, B A HR
Fram I Fn, THE R T A S R BN () NO, HEGE . 74, FIA QGIS
WA AL AR T B X L P, 454 Python J s MU AL HEBGE B 1 . 45 5%/
BF (4 s A8 Tl AR B T 45 NO, HERCRT A1: 42K NO,, HER H 8] &7 L&A 79.9%,
HA BRI 256 PR ATE e A EALSEM B8 2210 NO,, HE IS8 R R
TR =L RE, EIIPRDAM.

55



HS5E MES5RE

B5E REESRE
51 AXTIERLE

ERE A Gl KRR E ST, BN Rk 28k 8K,
HMBEM R AN A RIS 0I2 ), HIRE ERMZ JUEZEA . H5 10
i, XK EAE G RN B, AL 5 4 R A H 2 A
KAV Y EE kYR, HPEEN (NO) it EHEBU I v, X
ATTER AN 2 AR A FRAG) 08 B o K HE AR EE ARSI B 42 NO,, HFCIRIL, 6 3
BEATHERAIG B R EAZSE, RIEEMERRR NO, HERBUE ¥, AU MR 4 [TKSI5
UXE B OC b 26, SR AR HE RARTS RHE FBUKR . MU R B T AR
e fit U S S AR a7 oK

ST 7 UL THTAE T ) NO,, HEBOH L 75 22 7T 52 1) 2 8 583 8 %2 NO,, HEs A
T, T AR OULE T R 2 FEER ) NO,, HEBORE 5 37 ) 75 208 i HE OB B SR HL 2R
RS HEREE . X T NO, HES R 1, HATet st 2 5T PEMS B S5 %
TR AR KRR, (HIE T EAAAE B2 RPRYE: PEMS MHAE R SR U
B, RO E BAEAREAIR, SR80 MR DL i B S M Is AT T, SEEHEA
HE PRI K o X T HEBOSE AL, A& G fF s A 2 5 T i vt sl iy st o2 s i S ik
OB, TR G SC I B A HEECRIE I PR AR R AN 2

N T g RER ) NO,, HEBUA 73R BC B K w70 #F 2 NO,, HEGE S v 7%
PR SR R, A FE T ENES SR

(1) BFXHET PEMS 8l Ll A A R THOERMEAZ, FEERL
() 2R AR L9 02 2 NO, FHEUA A FEAR . SORAS A THI ) 1) 3, AR SCHEF OBD %
P SERE R, BRSSO 18 BRI I SRR A, 72 5 Y0 S5 208
B FEREEY R, Fli s R v R R EUE 7S E A S 5 4R NO,, HF A
T, AN 7 ESEIE R T B S E RS 5 4 NO, AR T EH . BRI R
—, FIH OBD ¥ #& KA HE R S 1R 22 ()i SERs AT 408, e 28R ab 2t
T, PR M BURE RS, SEAMEE. 22 EEL LR BELAR AR
%, SRR OBD Uil (i E A B, SRECGE BT FHE RS, —, 454 MOVES
BRI ) VSP 15T, AR 2R S 17 45 () o B AR T A O S 4, SR
R VSP LUK, FHHME VSP X A1 R 7, Blgn'5 VSP Bin /0K THLEF
fE. =, 454 GADM 5 OSM FREUH Wt ], i ik i 4 e 7 sk U = 0 i (38 AT
B, REERRE S, PR E R R AR B B Ao % . 8% IR
=R, FFLUCOA T AT AT IR 2, SREUZEAIE BRRRE . I DL B =AM
BRUL S b & Ab 2, SREE 75 55 08 S8 6% 25 i3l SE N i e e AR, BT

56



ST RESES

£, A HTER VSP LHL-NO, HEBSCARARHE I 7155 NO, HEl e . Hrr, ENE
RS 07 R FLSITE S T AR AEHE IR T 1.64g/km, @I 5 E S HEBObR AE XS E
RS B2 R NO,, HEBURAE M ZE SR LR G B HLB 25 K505 B HE SO 54 il 47
ARFara) B E FHER 6 b T R, ZSEEHRE R A bR . R Ah, PR
) NO, HEBR ¥4 1.82g/km, ETH (1.28g/km) HIKZHE (1.24g/km) = H
29.7%-31.9%, XM TARIER L, EWMIEEITRIEA RXS NO, HEusE B 2
AR o T A B AR SR E Y S TR 4 NO, HE R T 45 A H e T
TS B ARFEXT NO, HER R, ABE T S8 v 50t S8 L FLo5 e 1 Se bR Ep
R

(2) BRI AR B R 54 07 7 NO, 1 S HE TS A RRAE IR iR
RICEET O S a5, fet 7 — AN E RS TR R NO,, BRI
A, B SLXGB-NO, HERUBAY . iZ A8 — 75 A H LightGBM ffi & 25 714 48 34l 1%
FisfridfEv, ALK SCR RGN E X NO, B ASHER W, —J77
HI A XGBoost fii#i 4 H S 217K X NO, HERI52m . 85t LightGBM Al
XGBoost 4 G il EE 21 35, W RNAE o5 2148, FIH Stacking 832 3UZ 4844
AR AR, JE S i A A S TG B B Sy B3 2 NO,, BEASHERU T« 5 FAth
AEBLA AR LG, 2B 2R T OO 7 A 1 5 ()8R BRI RIGFIOSE 4 . e,
BT R T Y S TR A2 1Y OBD #¥E, FI A AL L T AT 1kmx 1km
BN LAY SR B 2R NO, FEIGE L, FFRH PR A B3 A TS BT,
AT AR T R R S B AR S8 07 45 NO, HERCAE S (] 1 2 BB A X 4
A, Horp H A NO, HEBCE: 5441 79.9%, 1E25 18] bR Sl m i R 58 4
ir, RFFIES O B FTH I RS T HE S AR S — B

52 RFKRE

BIRA AT FTHE T 2 Bt SR PR T EE AR S B2 4 FOSIE B T Y NO,, R
K, M8 T NO, BSHEB AR,  #e 48 Jy AR R BUAR i ) 1T B2 HRS e B 52
Ry N S SCHIE FEAE 25 RS LSS B IR SR N S R BGR AU T SR A B ik 5 2
%, ABSAERI FURE R LA KO RSO 5 10 A 2= (AR SR T3 THIAFAE — RE (AN A2«

(1) BER KB AL: Jv T EINEii ik 7R B NO,, HESUT
SO, AL EIMAAERE . B PR R KRR N0
LA R T B BRI R P AL RO o BRI, RO TT LA B NN S PR R 3R 5 %
PIHERC ) RIS T F, K 5 2 B SEBR A B 508l =5 18 BRSO A=, IF it —
W LEE W TR LIRS NO, HFBHI 5 & 52N .

(2) BRIz A S E% : RahA R L, AR Z A HEBOR L 2

57



HSE Mg HREY

BOR, HTER R AR B S AN RIS i CnlE DY [ TR BUR &8 R
TS bt 5 SRR IIER VR, 2 ALRE TR BN, Ik, AR LUIE
W2 T IRE, BRI RIS E 1 A SERris AT B, R iz iz, sk
PO DIRE Rt — D58, JFE IR R S, SRTHEARCR, 2tk
Gt SR, SCHE AR R R .

58



27 3CHk

[1]

[12]

[13]

[14]

&% 3

e N RS E A S PR B, b [ A% sh I S5 AR 4R (2023 4F) [EB/OLY]. 2023. https:
/Iwww.mee.gov.cn/hjzl/sthjzk/ydyhjgl/202312/t20231207_1058460.shtml.
IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Diesel and gasoline
engine exhausts and some nitroarenes[M]. Lyon: International Agency for Research on Cancer,
2012.
Fhom. HLah 4 R HFBOM ST R A R R S0 [D]. BRI 20 530 R, 2023(9): 114-
117.

YT ZE TS G SR A S = T (RSP B - GB 17691-2018[S]. db5t:
IRl [ R b A B B 2%, 2018.
TR, T, 55 EAMLIS)FEHBIE R SRR B T[T, M5 S W RREE KRR, 2020, 45(5):

o

U.S. Environmental Protection Agency. Motor vehicle emission simulator (MOVES)[EB/OL].
2025. https://www.epa.gov/moves/latest-version-motor-vehicle-emission-simulator-moves.
Emisia S.A. COPERT | emission calculation software[EB/OL]. 2023. https://copert.emisia.co
m/.

University of California-Riverside, College of Engineering-Center for Environmental Re-
search and Technology. CMEM model[EB/OL]. 2025. https://www.cert.ucr.edu/cmem/cm
em-model.

T EEAE, XI5, FMEERH, 5%, 55T HBEFA B3 7 A2 iR 5 A HE BSOS 2 — UL sUA ik
BN, ZZlEin RS LR S5EE, 2014, 14(4): 222.

b, B b, B R, 25 MOVES BRSO R RS BB RYIA LART U], 20815 85 %
45,2017, 35(2): 9.

J e, B, KBS, AF. IVE B b X R)RI 73 T a0 HE A - G S s 0], o 3
iRk, 2019, 39(2): 560-564.

RIGEHS, A, ARIBEAR. K =AM TR B0 4275 BV HEBGE SN SRR AERTE FE[0]. M8
Rl 2541, 2020, 40(1): 90-101.

Gao C, Gao C, Song K, et al. Vehicle emissions inventory in high spatial-temporal resolution
and emission reduction strategy in Harbin-Changchun megalopolis[J]. Process Safety and
Environmental Protection, 2020, 138: 236-245.

Nagpure A S, Gurjar B R, Kumar P. Impact of altitude on emission rates of ozone precursors
from gasoline-driven light-duty commercial vehicles[J]. Atmospheric Environment, 2011, 45

(7): 1413-1417.

59



27 3CHk

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Wallace H, Jobson B, Erickson M, et al. Comparison of wintertime CO to NO, ratios to
MOVES and MOBILES.2 on-road emissions inventories[J]. Atmospheric Environment, 2012,
63: 289-297.

Ritner M, Westerlund K K, Cooper C D, et al. Accounting for acceleration and deceleration
emissions in intersection dispersion modeling using MOVES and CAL3QHC[J]. Journal of
the Air and Waste Management Association, 2013, 63(6): 724-736.

The International Council on Clean Transportation. Global overview of on-board diagnostic
(OBD) systems for heavy-duty vehicles[EB/OL]. 2015. https://theicct.org/sites/default/files/
publications/ICCT_Overview_OBD-HDVs 20150209.pdf.

Wenjun L, Yiming Z, Wenbin L. A wireless and real-time monitoring system design for car
networking applications[J]. International Journal of Antennas and Propagation, 2013, 2013
(1): 298543.

T, JE T A RS ) EE A S ZE HE O R A IR 1A 7T [D]. AL BURE, 2023.
Medashe M O, Abolarin M S. Specifications and analysis of digitized diagnostics of automo-
biles: A case study of on board diagnostic (OBD II)[J]. International Journal of Engineering
Research and Technology, 2020, 9(1): 91-105.

Zhang S, Zhao P, He L, et al. On-board monitoring (OBM) for heavy-duty vehicle emissions
in China: Regulations, early-stage evaluation and policy recommendations[J]. Science of the
Total Environment, 2020, 731: 139045.

Jiang Y, Yang J, Tan Y, et al. Evaluation of emissions benefits of OBD-based repairs for poten-
tial application in a heavy-duty vehicle inspection and maintenance program[J]. Atmospheric
Environment, 2021, 247: 118186.

Wang X, Qiu Z, Liu Z. Urban road BC emissions of LDGVs: Machine learning models using
OBD/PEMS data[J]. Chemosphere, 2024, 365: 143348.

Hao L, Ren Y, Lu W, et al. Assessment of heavy-duty diesel vehicle NO, and CO, emissions
based on OBD data[J]. Atmosphere, 2023, 14(9): 1417.

Lv Z, Zhang Y, Ji Z, et al. A real-time NO, emission inventory from heavy-duty vehicles
based on on-board diagnostics big data with acceptable quality in China[J]. Journal of Cleaner
Production, 2023, 422: 138592.

Fernandes P, Macedo E, Bahmankhah B, et al. Are internally observable vehicle data good pre-
dictors of vehicle emissions[J]. Transportation Research Part D: Transport and Environment,
2019, 77: 252-270.

Rimpas D, Papadakis A, Samarakou M. Obd-ii sensor diagnostics for monitoring vehicle
operation and consumption[J]. Energy Reports, 2020, 6: 55-63.

Rosero F, Fonseca N, Lopez J M, et al. Real-world fuel efficiency and emissions from an urban

60



27 3CHk

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

diesel bus engine under transient operating conditions[J]. Applied Energy, 2020, 261: 114442.
Pavlovic J, Fontaras G, Broekaert S, et al. How accurately can we measure vehicle fuel con-
sumption in real world operation[J]. Transportation Research Part D: Transport and Environ-
ment, 2021, 90: 102666.

Rivera-Campoverde N D, Mufioz-Sanz J L, Arenas-Ramirez B D V. Estimation of pollutant
emissions in real driving conditions based on data from OBD and machine learning[J]. Sensors,
2021, 21(19): 6344.

Tolstikhin I, Houlsby N, Kolesnikov A, et al. Mlp-mixer: an all-MLP architecture for vi-
sion[C]//Proceedings of the 35th International Conference on Neural Information Processing
Systems: Vol. 34. Curran Associates, Inc., 2021: 24261-24272.

Breiman L. Random Forests[J]. Machine Learning, 2001, 45(1): 5-32.

Ge Z, Li W, Wang J, et al. Real-road NO, and CO, emissions of city and highway China-6
heavy-duty diesel vehicles[J]. Journal of Environmental Sciences, 2023, 149: 330-341.

Chen T, Guestrin C. XGBoost: A scalable tree boosting system[C]//Proceedings of the 22nd
ACM SIGKDD International Conference on Knowledge Discovery and Data Mining. New
York, NY, USA: Association for Computing Machinery, 2016: 785-794.

Ke G, Meng Q, Finley T, et al. Lightgbm: a highly efficient gradient boosting decision tree[C]//
Proceedings of the 31st International Conference on Neural Information Processing Systems.
Curran Associates Inc., 2017: 3149-3157.

HA AR R R RORVE S 1 B> 4o 8 A i HI 1239.1—2021[S]. b5t AR
SR A BT, 2021,

Jiménez-Palacios J L. Understanding and quantifying motor vehicle emissions with vehicle
specific power and TILDAS remote sensing[D]. Cambridge: Massachusetts Institute of Tech-
nology, 1999.

RT3 AR RAKIARME: GB/T 51328-2018[S]. Abnt: o A RFLAIE (3 55 Al 2 2
BeHE, 2018.

U.S. Environmental Protection Agency. Final facility specific speed correction factors
[EB/OL]. 2001. https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P10022E4.txt.

U, XICRER, BT, 45, JE T AR I B AL 5T SR AR SEBRIE H NO, 5 CO, HFUR
TE[I]. A EAEE R, 2023, 43(8): 4418-4426.

Wang X, Song G, Wu Y, et al. A NO, emission model incorporating temperature for heavy-
duty diesel vehicles with urea-SCR systems based on field operating modes[J]. Atmosphere,
2019, 10(6): 337.

Asif M, Zhang Y, Lin W. Urea-SCR temperature investigation for NO,, control of diesel engine
[C]/MATEC Web of Conferences: Vol. 26. EDP Sciences, 2015: 03002.

61



27 3CHk

[43]

[44] R

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Xu D, Gao Z, Guo Y, et al. Study on fuel consumption and emission characteristics of
China VI heavy duty vehicle based on vehicle specific power[C]//E3S Web of Conferences.
VESEP2020: Vol. 268. EDP Sciences, 2021: 01055.

4, B, ZFAE0T, 45, BT EEDh AR A B HEI A s B AR IR R ZE A W U], A
Wizt R4 TRE5E R, 2021, 21(6): 272-282.
i, BN, 205, & BT 8NN E VI =AM ZE COo, 1 NO, FHt 7L [J]. ¥4
BBl 2ER, 2022, 42(2): 341-350.
T NRSEANE AL IR, 8 BL SN 22 K05 P HRBOE B g il B FR - GRAAT)
[EB/OL]. 2014. https://www.mee.gov.cn/gkml/hbb/bgth/201407/W0201407083878952714
74.pdf.
Uslu S, Celik M B. Prediction of engine emissions and performance with artificial neural
networks in a single cylinder diesel engine using diethyl ether[J]. Engineering Science and
Technology, an International Journal, 2018, 21(6): 1194-1201.
Howlader A M, Patel D, Gammariello R. Data-driven approach for instantaneous vehicle
emission predicting using integrated deep neural network[J]. Transportation Research Part D:
Transport and Environment, 2023, 116: 103654.
SR, WRPH A2, R, 25, 5T Sodt LSTM f 8 R 48 2R A2 A I NO ¥ i SR e H
PEIFEANT]. FABIRL AR, 2023, 43(11): 245-257.
W RHE, UR, BRI, 55 T SSRGS T 0 R LB ARG S AL )], 3R
Rl 2020, 41(8): 3581-3590.
Guo D, Wang Z G, Sun L, et al. Study on gasoline vehicle emission inventory considering re-
gional differences in China[J]. Journal of Advanced Transportation, 2018, 2018(1): 7497354.
Shahbazi H, Taghvaee S, Hosseini V, et al. A gis based emission inventory development for
Tehran[J]. Urban Climate, 2016, 17: 216-229.
Zhou Z, Tan Q, Liu H, et al. Emission characteristics and high-resolution spatial and temporal
distribution of pollutants from motor vehicles in Chengdu, China[J]. Atmospheric Pollution
Research, 2019, 10(3): 749-758.
Yang D, Zhang S, Niu T, et al. High-resolution mapping of vehicle emissions of atmospheric
pollutants based on large-scale, real-world traffic datasets[J]. Atmospheric Chemistry and
Physics, 2019, 19(13): 8831-8843.
Carlos G, Christian V, Frederik D S, et al. From OBD to connected diagnostics: a game changer
at fleet, vehicle and component level[C]//IFAC-PapersOnLine: Vol. 54. 2021: 558-563.
Wt BRa e, kM, 55, BT SERrAT Bk BLAR 0 B 7Y 0% 2= ShaSHOn Sk d 05 5 R A D).

BERLEWE T, 2023, 36(10): 1905-1914.

Wu L, Chang M, Wang X, et al. Development of the real-time on-road emission (ROE v1.0)

62



27 3CHk

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

model for street-scale air quality modeling based on dynamic traffic big data[J]. Geoscientific
Model Development, 2020, 13(1): 23-40.

Chen B, Hong C, Kan H. Exposures and health outcomes from outdoor air pollutants in China
[J]. Toxicology, 2004, 198(1): 291-300.

Lv Z, Zhang Y, Ji Z, et al. A real-time NO, emission inventory from heavy-duty vehicles
based on on-board diagnostics big data with acceptable quality in China[J]. Journal of Cleaner
Production, 2023, 422: 138592.

Jiang H, Zhang H, Fu M, et al. Recent advances and perspectives towards emission inventories
of mobile sources: Compilation approaches, data acquisition methods, and case studies[J].
Journal of Environmental Sciences, 2023, 123: 460-475.

B, P, A, G BT R e A 0 EE AR R R R — SR A B HE RO AL 0] R
HEFRFF: 199

Wang J, Wang R, Yin H, et al. Assessing heavy-duty vehicles (HDVs) on-road NO, emis-
sion in China from on-board diagnostics (OBD) remote report data[J]. Science of the Total
Environment, 2022, 846: 157209.

SEM TS R ORAE S BT (B Binidess A nBsaE% )« GB 3847-2018[S]. 1k
I A N RILAN [ AL 53R 58, 2018,

PRI 255 e HEBOR AR S 53 (RUR e il 5 L)« GB 18285-2018[S]. b
A R N RLA E A 23R8, 2018.

Guo J, Ge Y, Hao L, et al. On-road measurement of regulated pollutants from diesel and CNG
buses with urea selective catalytic reduction systems[J]. Atmospheric Environment, 2014, 99:
1-9.

Yang L, Zhang S, Wu Y, et al. Evaluating real-world CO, and NO, emissions for public
transit buses using a remote wireless on-board diagnostic (OBD) approach[J]. Environmental
Pollution, 2016, 218: 453-462.

WuY, Zhang S J, Li M L, et al. The challenge to NO, emission control for heavy-duty diesel
vehicles in China[J]. Atmospheric Chemistry and Physics, 2012, 12(19): 9365-9379.

ZENI, T, 4. H R HBOR AR WP BRI T R S S )], PR TR ROR
%, 2023, 13(2): 867-872.

FEHRA, skilE, 2RI, &5, B2 T i i 9 = X B 3P 24 & EV i B R R HFBCRAE [T ]. VRZE
A HATREAAR, 2023, 14(3): 375-384.

Ge Y, Hou P, Lyu T, et al. Machine learning-aided remote monitoring of NO, emissions from
heavy-duty diesel vehicles based on OBD data streams[J]. Atmosphere, 2023, 14(4): 651.
Sun S, Sun L, Liu G, et al. Developing a vehicle emission inventory with high temporal-spatial

resolution in Tianjin, China[J]. Science of the Total Environment, 2021, 776: 145873.

63



27 3CHk

[72]

[73]

[74]

[75]

Jiang H, Zhang H, Fu M, et al. Recent advances and perspectives towards emission inventories
of mobile sources: Compilation approaches, data acquisition methods, and case studies[J].
Journal of Environmental Sciences, 2023, 123: 460-475.

Sun S, Jiang W, Gao W. Vehicle emission trends and spatial distribution in Shandong province,
China, from 2000 to 2014[J]. Atmospheric Environment, 2016, 147: 190-199.

Yu Q, Yang Y, Xiong X, et al. Assessing the impact of multi-dimensional driving behaviors
on link-level emissions based on a portable emission measurement system (PEMS)[J]. Atmo-
spheric Pollution Research, 2021, 12(1): 414-424.

Stewart G B, Dajnak D, Davison J, et al. New NO, and NO, vehicle emission curves, and their
implications for emissions inventories and air pollution modelling[J]. Urban Climate, 2024,

57:102103.

64



)

Hit

HANE RN, 242, KRBEW R —BIELRR . AT A S BT R
B, R, IEERSEW, ARES G R TIEA VLSRR E w1,
1A R SR A JE, BRET B — AR 4. TS IR A Bk, HAE X AN Y
A RIE TR FE B IR

A0, R AT AR AR . FRAR LB IR R N TR U,
IR AR I U R G SRR, Ta S IR TR, 45 Tt 0 1)
Holg . AR ZLRAFNIR I SLER R IT N . BB TR 20, e S
BRI, ABATX RS TAEMZROHR S, i3RI 3 7 28 WA 2= R R,
T HCRRA . JEEERES SO RITATE, 1ERIAE T — B 15 > i
T AL R HY 45 R W T 2 RO — B SCHEFRAN W Tk iR 30 7

CNZAHIR, SRAEAHEN, NZAHEN, SIAERNC .7 FRAREIRGIR AT, K
B IR IR TR B0, BOSHbA T B TR ER PR R T, A& IRIAET
A, BUHA R — B TR I B, W R FR I — S TR R A . R B
MR — BEREEIR I Gid, B AT (LT, (BTG N TR T — 3 B
57, IERMEEMNRE . H4b, REBEBGFRM 0 “HBTHA”, IR
RS AA T BB T AN O, RS “EELT 07, “BREM,
PR, WihIR T 5 U A .

FHESFEL, (iR B SCRE AN R T BIFE25, 1RIRINE B 1ML
25 HA BSCEREONIRIB R GG, SR R SR AR E: AR
(1) 26 26 N B ) Z R B ARV 5 R T VR 2 R O IRG —L X A R R 5 1R
. FNMZSIRELR T2 EE T, SEATTEE MRS, RSN T
NAE—A XA E BB, LBRAR R T A7

R B T 4R, IRJREE AV SCR B 1w AMRAT K, Rl L A R
EANFIATIHE IR ZE T, i A BRI B R A2 A2 4830, i E m3RE T 50, B
SRET TR AR N HIg K, (HIRMRAR B X AR #E, BRI — K !

65



FEE 18] U BRI SR

AIZHAE S AR AR

S 5HAFEE -

(1) fEFNLEhZE s Ge i R 12 W7 5 96 H e s B R BF Rk B v, B 5K SR
THRI-TH, 2022-2026.

(2) 28 R EAE SR 30 ()2 hlls i SE ISR AEBOR B A, 1 5K 3 it vt
P, 2023-2026.

66



